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(57) Abstract: A method for isolating nucleic acid which comprises: (a) applying a sample comprising cells containing nucleic add 
to a filter, whereby the cells are retained as a retentate and contaminants are rmoved; (b) lysing the retentate from step (a) while the 
retentate is retained by the filter to form a cell lysate containing th nucleic acid; (c) filtering the cell lysate with the filter to retain 
the nncleic acid and remove remaining ceU lysate; (d) optionally washing the nucleic acid retained by the filter, and (e) eluting the 
nucleic acid, wherein the filter composition and dimensions are selected so that the filter is cap^le of retaining the cells and the 
nucleic acid. Additionally, there is pix>vided a substrate for lysing cells and purifying nucleic acid having a matrix and a coating and 
an integrity maintainer for maintaining the purified nucleic acid. Also provided is a method of purifying nucleic acid by applying a 
nucleic add sample to a substrate having an anionic detergent affixed to a matrix, the substrate physically capturing the nucleic acid, 
bonding the nucldc add to a substrate and generating a signal when the nucldc acid bonds to the substrate indicating the presence of 
the nucleic add. A kit for purifying nucleic add containing a coated matrix and an integrity maintenance provider for preserving the 
matrix and purifying nucldc add is also provided. Further, there is provided a method for quantifying DNA, such as double-stranded 
or genomic DNA, isolated from cells, such as leukocytes to determine the numbers of leukocytes in a sample of leukoredoced blood. 
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METMODS FOR THE ISOLATION OF NUCLEIC ACTOS ANB FOR 
QUANTITATIVE BNA EXTRACTION ANB BETECTIQN FOR 
LEUKOCYTE EVALUATION IN BLOOB PROBUCTS 



Field of the Inventioii 



The present mvention relates to a method for isolating nucleic acid from a 



10 sample containing nucleic acid» such as a cell sample or cell lysate, to the 
quantitative detection of nucleic acid, and;, further, to the estimation of leukocytes 
in hlood products, including leukoreduCed blood products. It also relates to kits 
and apparatus for DNA evaluation, such as for the evaluation of leukocytes in 
leukoreduced blood products. The invention is particularly advantageous for the 

15 analysis of blood transfusion {deducts for leuko<^es or other nucleotide- 
containing contaminants. 



09/736,659, filed December 14, 2000, widch is a Continuation-in-Part of PCT 
application No. PCT/USOO/10230, filed April 14, 2000, vMch claims the benefit 
of priority under 35 USC Section 1 19(e) of U.S. Provisidnal Patent Application 
No. 60/129,191, filed on April 14, 1999; U.S. Provisional Patent AppUcation No. 
25 60/1 80,353, filed on February 4, 2000; and U.S. Provisional Patent Application 
No. 60/193,556, filed on March 31, 2000, all of which are mcorporated herein by 
reference. 

This is also a Continuation-in-Part of a CPA application filed March 21, 
30 2001, which is a CPA of U.S.S.N. Utihty Patent AppKcation 09/414,533, filed 
OctobCT 8, 1999, which claims the benefit of priority of United Kingdom 
application 991 8193.5, filed on August 2, 1999, and United Kingdom application 



CROSSREFERENCE TO RELATED APPLICATIONS 



20 



This is a Continuation-in-Part of U.S.SJNT. Utility Patent Application 
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9822141 .9, filed on October 9, 1998, all of which are incorporated herein by 
reference. 

This also claims priority of U.S. Provisional Patent Application 
5 60/226,650, filed August 21, 2000, which is incorporated herein by reference. 



While relatively rapid and convenient procedures for the purification of 
nucleic acid (such as DNA) firom agarose have been developed, it remains a 
10 relatively di£5cult operation to extract nucleic acid directly fix>m more complex 
starting samples such as cells and cell lysates. On the v^ole, the procedures 
currently practiced to purify nucleic acid firom nucleic acid-containing sanq>les 
comprising cells or cell lysates remain time consuming and labor intensive. 

15 One method proposed to minimiye the laborious and time-consurninig steps 

of the known me&od for isolating nucleic acid fix>m these more complex sample 
is described in EP 0389063. The method disclosed in EP 0389063 involves 
mixing the cell sample (such as whole blood) with a chaotropic substance and a 
particulate nucleic acid binding solid phase comprising silica or a derivative 

20 thereof. It is Imown that, in the presCTice of a chaotn>pic substance, nucleic add is 
released from cells and binds to silica-based nucleic acid binding solid phases. 
Subsequently, the mixture is centrifiiged to pellet the solid phase with the nucleic 
acid boimd thereto and tiie supernatant is discarded. The peUetized material is 
subjected to several washing stages with the chaotropic agent and organic 

25 solvents. Finally, the DNA is eluted from the solid phase in a low salt buffer. 

The method described in EP 0389063 is disadvantageous in that it is a 
manually intensive, multi-step procedure. In view of the fact that the method 
involves a number of centrifiigation and vessel transfer steps, this method is 
30 unsuitable for automation. 



Backgroimd of the Invention 
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US Patent Nos. 5,187,083 and 5,234,824 each describe a method for 
rapidly obtaining substantially pure DNA from a biological sample containing 
cells. The methods involve gently lysing the membranes of the cells to yield a 
lysate containing genonuc DNA in a high molecular weight form. The lysate is 
5 moved through a porous jBlter to trap selectively the high molecular weight DNA 
on the fiater. The DNA is released from the jBlter using an aqueous solution. 

The present invention aims to provide an improved method for isolating 
nucleic acid from a nucleic acid-containing sample, such as cells or cell lysate, 
10 \^ch avoids the use of centrifugation steps and i^^ch avoids the requirement of 
upstream processing of the sample in order to render tiie nucleic acid amenable to 
binding to a solid phase. 

Genotyping is the discipline of identifying an individual's genome in 
15 relation to disease spedfic aUeles and/or mutations that occur as an effect of 
parental linkage. The r^id purification of human genomic DNA is an essential 
part of a genotyping process; the genomic DNA of an individual being the 
structural unit for the entire DNA sequence of every allele e3q>ressed. 

20 Human genomic DNA caimot be directly sequenced. In order to carry out 

sequence analysis on regions of the chromosomes that may contain portions of 
mutation or disease specific sequ^ces, selected portions are amplified, e.g., via 
PGR, and the amplified products are sequenced. The selected ix>rtions of the 
chromosomes that are amplified are dictated by the specific sequence of the 

25 primers used in the PGR amplification. The primer sets that are used in 

genotyping studies are commercially available and are representative for the 
chromosome under examination. If linkage studies identify that a disease bearing 
sequence is on a particular chromosome, then many primer sets will be utilized 
across that chromosome in order to obtain genetic material for sequencing. The 

30 resultant PGR products may vsreU represent the entire chromosome under 
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examination. Due to the large length of chromosomes, many PGR reactions are 
carried out on the genomic DNA template from a single patient 

Human genomic DNA is purified by a variety of methods (Molecular 
5 Cloning, Sambrook et al. (1989)). Consequently, many commercial kit 

manufacturers provide products for such techniques, for example: AmpReady™ 
(Promega, Madison, Wisconsin), DNeasy™ (Qiageii, Valencia, California), and 
Split Second™ (Roche Molecular Biochemicals, Indianapolis, Indiana). These 
products rely on the use of specialized matrices or buffer systems for ihe rapid 
10 isolation of the genomic DNA molecule. 

More recently, microporous filter-based techniques have surfaced as tools 
for the purification of genomic DNA as well as a whole multitude of nucleic 
acids. The advant^e of filter-based matrices are that they can be fashioned into 

15 many formats lhat include tubes, spin tubes, sheets, and microwell plates. 
Microporous Sltsr membranes as purification siqyport matrices have other 
advantages within the art They provide a compact easy to manipulate system 
allowing for the capture of the desired molecule and the removal of unwanted 
components in a fluid phase at higher throughput and &ster processing times than 

20 possible vnlh column chromatography. This is due to the &st diffusion rates 
possible on filter membranes. 

Nucleic acid molecules have been c£^tured on filter membranes, generally 
either through simple adsorption or through a chemical reaction between 
25 complementary reactive groups present on the filter membrane or on a 

filter-bound ligand resulting in the formation of a covalent bond between fiie 
ligand and the desired nucleic acid. 



30 



Porous filter membrane materials used for non-covalent nucleic acid 
iimnobilization have included materials such as nylon, nitrocellulose, hydrophobic 
polyvinylidinefluoride (P VDF), and glass microfiber. A number of methods and 
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reagents have also been developed to also allow the direct coupling of nucleic 
acids onto solid supports, such as oligonucleotides and primers (eg. J. M. Coull et 
al.. Tetrahedron Lett. vol. 27, page 3991; B. A. Conolly, Nucleic Acids Res., voL 
15, page 3131, 1987; B. A. Conolly and P. Rider, Nucleic Acids Res., vol. 12, 
page 4485, 1985; Yang et al., P.NA,S. vol. 95: 5462-5467). UV cross-linking of 
DNA (Oiurch et al., PNAS, vol. 81, page 1991, 1984), The Generation Capture 
Column Kit (Centra Systems, Minneapolis, MN) and RNA (Khandjian et al.. 
Anal. BiochCTi, vol. 159, pages 227, 1986) to nylon membranes have also been 
reported. 

Many chemical mediods haVe been utilized for the immobilization of 
molecules such as nucleic acids on filt^ membranes. For example, activated 
paper (TransBind™, Schleicher & Schuell Ltd., Keene, N.H.) 
carbodimidazole-activated hydrogel-coated PVDF membrane (Immobilin-IAV™, 
Millipoie Corp., Bedford, Mass.), MAP p£q>er (Amersham, Littiechalfont Bucks, 
Wisconsin), activated nylon (BioDyne™, Pall Corp., (Glen Cove, N. Y.), DVS- 
and cyanogen bromide-activated nitrocellulose. Membranes bound with specific 
ligands are also known such as the SAM2™ Biotin Capture Membrane (Promega) 
which binds biotinylated molecules based on their affinity to streptavidin or MAC 
affinity membrane system (protein A/G) (Amicon, Bedford, Massachusetts). 
Some of the disadvantages of covalent attachment of biomoleciiles onto activated 
membranes are: 

a) Molectile immobilization is often slow, requiring 20-1 80 
minutes for reaction completion. 

b) High ligand and biomolecule concentration is needed for fast 
immobilization. 

c) Constant agitation is needed during the immobilization process, which 
may result in biomolecule denaturation and deactivation. 

d) Once the immobilization process is complete, often a blocking (capping) 
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step is required to remove residual covalent binding 
capacity. 

e) Covalently bound molecules can not be retrieved from the 
filter membrane. 

There is a need in various specific areas, such as forensics, for a nucleic 
add immobilization media and procedure that exhibits the high specificity of 
covalent immobilization onto tiie fitter membrane vdthout the use of harsh 
chemical reactions and long incubation times, which can also be used at crime 
scenes, with blood sample archiving and other related uses. In particular diere is a 
need for the c£^ture and separation of nucleic adds fix>m a mixture in a fluid 
phase onto a filter membrane matrix in for^isics. 

Of special interest is the ability to store or ardiive the bound nucleic acids 
on the filter m^brane matrix for various uses. Alternatively, filters that permit 
elution of nucleic acids have uses in q>plication requiring liquid formats. 
Embodiments of both types are found in the present invention. 

More recently, glass microfiber, has been shown to specifically bind 
nucleic acids from a variety of nucleic add containing sources very effectively 
(for example, see Itoh et al (1997) Simple and rapid preparation of plasmid 
template by filtration method using microtiter filter plates. NAR, vol. 25, No. 6: 
1315-1316; Andersson, B. et al. (1996) Method for 96-well M13 DNA template 
preparations for large-scale sequendng. BioTechniques vol. 20: 1022-1027). 
Under the correct salt and buffering conditions, nucleic adds will bind to glass or 
sihca with high specificity. 

Based on United States Patents 5,496,562, 5,756,126, and 5,807,527, it 
has been demonstrated that nucldc acids or genetic material can be immobilized 
to a cellulosic-based dry solid support or filter (FTA filter). The solid siq>port 
described is conditioned with a chemical composition that is capable of carrying 
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out several functions: (i) lyse intact cellular material upon contact, releasing 
genetic material, (ii) enable and allow for the conditions that facilitate genetic 
material immobilization to the solid support (probably by a combination of 
mechanical and chaotrophic), (iii) maintain the immobilized genetic material in a 
5 stable state without damage due to degradation, endonuclease activity, UV 
interference, and microbial attack, and (iv) maintain the genetic material as a 
support-bound molecule that is not removed fiom the solid support during any 
down stream processmg (as demonstrated by Del Rio et al C995) BioTechniques. 
vol. 20: 970-974). 



The usefulness of the so called FTA cellulosic filter material described in 
US patents 5,496,562, 5,756,126, and 5,807,527 has been illustrated for several 
nucleic acid techniques such as bacterial ribotyping (Rogers, C. & Burgoyne, L. 
(1997) Anal. Biochem. vol. 247: 223-227), detection of smgle base differences in 

15 vkal and human DNA OrtOThim et al. (1998) Anal. Chem. vol. 70: 2013-2017), 
DNA databasing (Ledray et al. (1997) J. Emergency Nursing, vol. 23, No. 2: 
156-158), automated processmg for STR electrophoresis (BelgradCT, B. & 
Mfflrino, M. (1996) L.R.A. vol. 9: 3-7, Belgrader et al. (1995) BioTechniques. vol. 
19, No. 3: 427-432), and oligonucleotide ligation assay for diagnostics CBaron et 

20 al. (1996) Nature Biotech, vol. 14: 1279-1282). 

It has been shown that nucleic acid or genetic material appUed to, and 
immobilized to, FTA filters cannot be simply removed, or eluted from the solid 
support once bound (Del Rio et al (1995) BioTechniques. vol. 20: 970-974). This 
25 is a major disadvantage for applications where several downstream processes are 
required from the same sample, such a STR profiling and genotyping. 



comparison in other ways. For example, cellular material has been £q>plied to 
30 FTA filter media, and generally the cellular material, once applied, forms a spot 
on the FTA filter. From this spot, small punches can be taken; each small punch 



10 



FTA filter media has also been employed for DNA analysis and 
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will have immobilized to it enough nucleic acid or genetic material to facilitate a 
single downstream process such as a PGR reaction. As the two primers 
administered to a PGR reaction are presented in solution, it is of no consequence 
that the cellular nucleic acid template is immobilized to the filter. All amplicon 
will be formed in solution. Amplicon can then be readily removed fix)m the 
reaction by aspirating the liquid phase away fiom the FTA solid filter punch. 
Hierefore, for multiple processing fiom a single sample, many punches have to be 
taken. Multiple punching is very time consuming, and as yet, has not lent itself to 
simplified automation. 

A primary use for the present invention is the analysis of blood transfiision 
products for leukocytes or other contaminants. Each year in the United States 
about 14 million transfusions of blood or blood compouCTts takes place. There are 
tinee m^or blood products in transfusion medicine: 

L RED GEIXSCRBG^typicaUy about 340 ml contamed in 1 unit of donor 
blood) - the remaining red cell mass after most of the plasma is removed. 

2. PLATELETS (typically 300 ml/1 unit of donor blood) or platelet concentrates 
(PCs, typically further concentrated to about 50 ml/1 unit of donor bloo^ - 
one platelet concentrate (one unit of random donor platelets) is derived &om 
one unit of donor blood. 

3. FRESH FROZEN PIASMA (FIT, 225 myi unit of donor blood). One ui^^ 
of FFP can raise coagulation fector levels by 8% and fibrinogen by 13mg/dl in 
the average patient 

Despite the increasing need for transfusions and the use of transfusion 
products, such use involves a number of risks. About 150,000 patients a year 
e^qperience adverse reactions to such products. Such adverse reactions occur 
regardless the type of blood transfusion a patient receives. Ninety percent of 
adverse transfusion reactions are caused by donor leukocytes contained in the 
transfusion products. 
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Ftirther problems stem from Human Leukocyte Antigen (HLA) 
alloimmunization, in which the recipient is sensitized to antibodies contained in 
the transfusion product which can react, for example, to the recipient's leukocytes 
5 (HLA sensitization). 

Where the recipient suffers firom a non-hemolytic febrile transfusion 
reaction, the patient most frequently experiences fever, chills, and nausea due to 
white blood components contained in the transfusion product, to which the 
10 patients has antibodies (usually anti-HLA). 

Other serious risks of the use of transfusion products include transmission 
and/or reactivation of cytomegalovirus (CMV), occurrence of grafl-versus-host 
disease (GVHD), and the risk of viral transmissions. (HIV, HCV transmission are 
15 the most feared complications of transfusion.) 

Certain precautions have been adoiyted in order to reduce the likelihood 
and/or severity of adverse reactions to transfusion products. Leukoreduction of 
blood product before transfusion into a patient is considered the most significant 
20 recent improvement in safety and purity of blood transfusion. Leukoreduction is 
tfie process of removing > 99.9% of the white blood cells (WBC) from cellular 
blood components (red cells and platelets). 

The FDA has announced publicly that it will require that all ceUuIar blood 
25 components transfused in the U.S be leukoreduced by fbe year 2002. Worldwide, 
ten countries, including Canada, Britain, France, Portugal, and Germany, have 
mandated universal leukocyte reduction, and 13 more, including Denmark, Italy, 
Japan, and New Zealand, are moving toward the practice. 

30 As in any essential step of blood processing, the step of leukoreduction is 

subject to quality control. In ord^ to label a component as leukocjrte-reduced 
(leukoreduced), the American Association of Blood Bank Standards (19th ed) 
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requires that the residual leukocyte content in the component is < 5 x 10^ 
WBC/unit blood. European guidelines define leukocyte reduction as <1 x 10^ 
leukocytes/unit. 

5 FDA guidelines state that quality control testing of leukocyte-reduced units 

should be performed on at least 1% of products (or 4/month for facilities 
preparing <400 units/month) and that 100% of tested units should contain <5 x 
1 0^ residual leukocytes/unit 

10 During the 1 990's numerous methods wcare developed for testing for 

residual leukocj^es, based on light microscopy, fluorescence labeling, or DNA 
amplification. In 1998 FDA approved three protocols for QC control of 
leukoreduced blood products: 

15 1. Manual counting ofcells in the fixed volume of transfusion product using a 
Nageotte hemacytometCT> 

2. Flow cytometric methods, which use fluorescent beads or labeled chicken 
erydirocytes as internal control, and 

20 

3. The Imagn 2000 device for analyzing a fixed blood samples in a c^illaty 
chamber. 

Recent methods have limitations for proposed centralization of testing 
25 services for leukoreduced blood products in terms of sample storage time and 
their integrity. These methods are based on actual cell counts using cell shape, 
size and brightness to discriminate cell fix)m background. Both imRnual and 
automated sq^yproaches require firesh blood, because these described parameters 
change with blood storage, or are sensitive to sample preparation techniques. All 
30 traditional methods are very sensitive to blood storage time because cells' 

deterioration and changing of size and/or shape during storage or the freezing- 
thawing process. 
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According to expert opinion "Wide scale testing has shifted to more 
automated methods. However, deterioration of samples as a result of prolonged 
sample shipment remains an obstacle to centralized testing service." (Walter H. 
Dzxcky Von Sang 2000, 78, 223:226), "The requirement of fresh samples for 
5 processing is particularly problematic in connection with applications such as 
Quality control of WBC-reduced blood components by blood centers." (T.-R 
Lee, M.P Busch, Transfusion, 199838. 262:270; Transfusion, 2001, 41.276: 
282.). 

10 Other problems with such conventional methods include timing of the 

analysis. For example, the time reqxiired for one sample analysis using flow 
cytometry (sampling and analysis of histogram) is too long (3 —10 min for a 
single sample analysis) to permit large scale testing. Further, flow cytometry and 
especially Tyianiial Nageotte methods both require well-trained personnel for 

1 5 consistent and accurate result interpretatioiL 



of DNA based analysis for quality control of WBC-reduced component has 
recentiy been recognized as an alternative of traditional "cell shape, size, and 

20 brightness" methods. Typically, DNA analysis is based on the fact that only 
white blood cells in human blood have genomic DNA. All other blood cellular 
elCTients, red cells and platelets are nuclei-free. The majority of all white blood 
cells (>99%) are not proliferating. Thus they have a known, relatively constant 
amount of DNA tiiat is equal to about 7 pg per cell. Previous ^>proaches to this 

25 technology claimed substantial, but not total, DNA recovery from whole blood 
samples. 

One metiiod has been evaluated witib respect to quantitative recovery of 
WBC-associated DNA when the target cell population is present at very low 
30 concentration in test samples, and this method uses the Polymerase Chain 

Reaction (PGR) to detect and quantify genetic material in frozen whole blood 



Problems with traditioiud methods of analysis have led to implementation 
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samples. However, a Quantitative PGR protocol takes many hours to process. 
That is even slower in some ways than flow cytometry. 

Further, PGR methods are very expensive. They require unique real time 
5 PGR devices and e5q)ensive PGR reagent kits. The preparation of calibration 
standard samples is labor consuming and sophisticated. The required 
operator's skills are at the Ph,D. level. Thus there is a clear need for a simple, 
efifective, and rapid me&od for analy^ng blood transfusion products for leukocyte 
or other nucleotide-containing contaminants. 

10 

It is desirable to adapt the present technology and modify it for specific 
use such as for forensic art or for detection of leukocytes in blood products^ 
including leukoreduced blood. Additionally, it would be advantageous to be able 
to r^idly qualify and quantify nucleic acid on media, either in correlation witifai 
15 such uses, or independent thereof. 



Summary of the Invention 

According to the present invention &ere is provided a substrate for lysing 
20 cells and purifying nucleic acid having a matrix and a coating and an integrity 
maintainer for maintaining the purified nucleic add. Also provided is a method 
of purifying nucleic acid by applying a nucleic acid sample to a substrate, the 
substrate physically capturing the nucleic acid, bonding the nucleic acid to the 
substrate and generating a signal when the nucleic acid bonds to the substrate 
25 indicating the presence of the nucleic acid. A kit for purifying nucleic acid 

containing a coated matrix and an integrity maintenance provider for preserving 
the matrix and purifying nucleic acid is also provided. 



30 



According to the present invention, there is provided also a method for 
isolating nucleic acid which comprises: 
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(a) applying a sample comprising cells containing nucleic acid to a filter, 
whereby the cells are retained as a retentate and contaminants are 
removed; 

(b) lysing Hxe retentate from step (a) while the retentate is retained by the filter 
5 to form a cell lysate containing the nucleic acid; 

(c) filterii^ the cell lysate with the filter to retain the nucleic acid and remove 
remaining cell lysate; 

(d) optionally washing the nucleic acid retained by tiie filter and 

(e) eluting the nucleic add, wherein the filter composition and dimensions are 
10 selected so that the filter is capable of retaining the cells and the nucleic 

acid. 



Preferably, step (b) comprises lysing die retentate while it is entrapped 
within the filter. 

15 

Preferably, the filter composition and dimensions are selected so that the 
nucleic acid is retained by the filter in step (c) substantially in the absence of ionic 
interaction. More preferably, the filter composition and dimensions are selected so 
that tiie nucleic acid is retained by the filter by a physical retarding of the 
20 movement of the nucleic acid down the filter. Preferably, the filter composition 
and dimensions are selected so that the nucleic acid is retained by the filter, in step 
(c) in the form of a web. Preferably, for purposes of quantitative nucleic acid 
isolation, the filter is compressed prior to addition of the sample, beyond the 
compression used to construct the filter. 

25 

Preferably, the nucleic acid is heated to an elevated temperature while 
being retained by the filter prior to eluting in step (e). More preferably, hearing 
and subsequent elution are repeated at least once for quantitative purposes. 
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According to the present invention, there is provided likewise a kit for 
isolating nucleic acid from a sample comprising cells containing nucleic acid 
comprising: 

(a) an apparatus as defined comprising a filter stipported by a support 
wherein the filter composition and dimensions are selected so that 
the filter is capable of retaining the cells and the nucleic acid; 

(b) one or more solutions selected firom a red cell lysis solution, a 
solution for n^turing intact whole cells to leave condensed 
nuclear material, a lysis solution for ly^g nuclear material and 
an elution solution. 

In addition, the present invention envisages the use of the above kit in a 
method for isolating nucldc acid fix>m a sample comprising cells containing 
nucleic acid, in particular in a me&od according to the present invention. 

According to the present invention, there is provided also the use of a filter 
or an apparatus comprising a filter supported by a support in a method for 
isolating nucleic acid from a sample comprising cells containing nucleic acid. 
The filter compositions and dimensions are selected so that the filter is capable of 
retaioing the cells and the nucleic acid. Preferably, the filter is any filter suitable 
for use in the method according to the present invention. 

In addition, the present invention can be utilized for quantitative extraction 
and detection of DNA from a sample for evaluation of residual leukocytes in 
blood products, including leukocyte-reduced (or leukoreduced) blood products. 
In one embodiment, a sample of a blood product is exposed to a filter, matrix, or 
membrane. Cells are lysed, and the nucleic acid becomes physically or 
chemically attached to, or within, tiie filter, matrix, or membrane. The nucleic 
acid may be washed to remove non-nucleic acid components. The nucleic acid is 
eluted fix>m the filter and quantitatively analyzed in order to estimate the number 
of leukocytes remaining in the sample. More particularly, detection methods 
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specific for double-stranded, single-stranded, or genomic DNA may be used. The 
amount of DNA is then used to calculate the number of residual leukocytes in the 
sample (approximately 7 pg DNA/leukocyte) in order to evaluate leukoreduction 
of tiie blood product firom which the sample was taken. Preferably, the resulting 
5 determination of the number of vAnte blood cells in the sample is at least 85% of 
the number of white blood cells measured via standard methods of flow 
cytometry used in the blood product industry* More preferably, tiie resulting 
determination is at least 90% compared to flow cytometry measurements. More 
preferably still, it is at least 95% compared to flow cytometry measurements, yet 
10 more preferably still, it is at least 98% compared to flow cytometry 

measurem^xts, and most preferably, it is at least 99% compared to flow 
cj^metry measurements. 

In another embodiment, the nucleic acid (fix>m the cells in the blood 
15 product sample) is not elutedfix>m the fUlt»,niatrix, or membrane. Ratho:, the 
DNA on or i^dthin the filter, matrix, or membrane is quantitatively analyzed 
without elution. Preferably, the nucleic acid is captured on the filter surface, such 
as a cellulose nitrate surface on a polymeric filter. Again, detection methods 
specific for double-stranded or genomic DNA may be used, followed by 
20 estimation of the number of residual leukocytes, as described above. 

The present invention will now be. described in further detail with 
reference to the accompanying Examples and Experiments and to the attached 
Figures in which: 

25 

Brief Description of the Drawings 
Figure 1 is an image obtained by scaiming electron microscopy (SEM) of the 

structure of a filter material suitable for use in tiie present method. 
Figure 2 is an image obtained by SEM of the retained retentate and the filter. 
30 Figure 3 is an image obtained by SEM of the retained retentate and a top 
portion of the filter. 
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Figure 4 is an image obtained by SEM of the retained retentate and a lower 
portion of the filter. 

Figures is an image obtained by SEM of the retentate comprising a 

damaged \^te cell which is retained by the filter. 
5 Figure 6 is an image obtained by SEM of Hxg nucleic acid which is retained 

by the filter in the form of web. 
Figure 7 is a close-iip image obtained by SEM of the nucleic acid web as it 

is retained by the fitter. 
Figure 8 is an image obtained by SEM of the nucleic acid web and the filter 
10 after the optional step of heating and/or incubation prior to elution. 

Figure 9 is an image obtained by SEM of the filter after elution of the 

nucleic acid. 

Figure 10 is an agarose gel analysis of DNA capture from a stack of filters; 
Figure 11 is an agarose gel analysis of drop-out of DNA levels from various 
15 filter anangements; 

Figure 12 is an agarose gel photograph showing the proportion of DNA eluted 

fix>m layers of filters within a system; 
Figure 13 is an agarose gel analysis of DNA recovery firom filters in the 
presence of IM TRIS pH 8.5 and 500 ethanol; 
20 Figure 14 is an agarose gel analysis of DNA extracted fix>m whole blood and 
eluted in a range of salt concentrations; 
Figure 15 is an agarose gel analysis of DNA eluted firom filters at different 

elution temperatures; 
Figure 16 is an agarose gel photogr^h showing the results of altering the 
25 time of elution post heating; 

Figure 17 is an agarose gel photograph showing tiie results of altering the pH 

of the elution buffer over the range pH 5.5 to 1 1 .0; 
Figure 1 8(a) is a plan view, partially in sections, of a clinical extraction device 
suitable for use in the present invention; 
30 Figure 1 8(b) is a plan view, in section of the extraction cartridge as depicted in 
Figure 18(a) 
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Figure 19 is a spectroscopic analysis of solutions eluted from the present 
coliunn 

(1) = waste eluant after step 3 

(2) = waste eluant after step 4 
5 (3) = eluted DNA solution 

Figure 20 is an agarose gel photograph showing relationship between 

incubation time, temperature and DNA yield and size; and 
Figure 21 is an agarose gel photogr^h showing DNA extracted from 500^1 
clinical whole blood samples using the present method. 

10 Figure 22 (a) -(d) depict an extraction cartridge during a step-by step diagram 
of one CTibodiment of the preset method, with 
Figure 22 (a) showing Step 1: Nucleated cell lysis; 
Figure 22 (b) showing Step 2: Nucleated cell lysis; 
Figure 22 (c) shows Step 3: Wash Step; and 

15 Figure 22 (d) depicts Step 4: Elutibn Step. 

Figure 23 is a cross-sectional depiction of a filter membrane (50) made in 
accordance with the present invention; and 

20 Figure 24 is a photograph showing the color intensity of the soluble product 
developed on the DNA samples loaded on the FTA-membrane by 
polyethyleneimide-peroxidase (PEI-PO) conjugate assay; and 

Figure 25 is a photograph showing the color intensity of the insoluble 
25 product, developed ran the DNA samples loading on the 

. FTA-membrane by i>oIyethyleneimide- peroxidase conjugate assay. 



30 



Figure 26 



is a graph showing the detection of DNA and white blood cells on 
FTA-NC membranes having a 1.2 \an pore size using ELISA on 
basis antibodies to human DNA. 
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Figure 27 depicts a comparison of results using WBPS DNA extraction 
method and flow cytometry for leukocjrte enumeration in LR 
fiozen CPDA whole blood samples. 

5 Figure 28 depicts WBC counting in fresh red blood cell (RBC) samples with 
WBPS and flow cytometry. 



Figure 29 d^icts WBC counting in frozen RBC samples wifli WBPS and 
flow cytometry. 

10 

Figure 30 depicts a comparison between compressed vs. npnrcompressed 
media of the WBPS columns for WBC c^turing from 
leukoreduced RBC saniples. 

15 Figure 3 1 dq>icts WBC counting on nylon and nitrocellulose membranes 
when the result of the enzyme reactions was soluble 
product/substrate. 

Figure 32 depicts WBC counting on nylon and nitrocellulose membranes 
20 wfaCT flie result of the enzyme reactions was insoluble 

product/substrate. 



A device is provided which may, in one aspect, be used in the extraction of 
samples such as blood according to the method described above. Such a device is 
25 depicted m Figs 18 (a) and 18 (b). 



The device consists of the cartridge (20), which may be of any desired 
volume, typically 1ml, 5ml, or 10ml. The cartridge comprises a body (25) which 
may be coated on its interior surface with a metal chelating agent such as EDTA. 
30 The cartridge has an inlet (26) and an outlet (21) disposed tetwe^ which is a 
filter (23) which may comprise a pluraUty of filter layere. The filter or filters are 
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preferably disposed between a filter support or fiit (22) and a filter retaining 
member (24) for retaining the filter or filters in place. The filter retaining member 
(24) is preferably a ring which may make a fiiction fit inside the body of the 
cartridge. The body of the cartridge is preferably a barreh The metal chelator acts 
5 to prevent coagulation of blood taken as a sample once inside the cartridge and 
oth^ known anticoagulants may be used in its place. The inlet is preferably 
adapted to receive a needle assembly (30) and may comprise a male lure (26). The 
outlet, typically arranged adjacent the filter support (22) is preferably adapted to 
receive a syringe (1 1) and is typically a female lure (21). 

10 

In a preferred arrangement, tiie filter or filters are as described above and 
may be used in the isolation of nucleic add such as DNA as hminbefore 
described. 

15 In use, with a syringe (11) and needle (30) attached to the cartridge, the 

needle is inserted into a vein of a subject or other sample source, and blood drawn 
into cartridge (20) by drawing back the portion of the syringe (1 1). Blood enters 
the cartridge preferably until it is fiiU. The needle and syringe are thra detached 
and the cartridge c^Tped ofif with a suitable capping member (not sliown). The 

20 cartridge may then be transported or stored at 4**C, -20**C or -70**C until required 
for processing. Storage conditions will vary depending on the likely length of time 
until DNA extraction may be performed. 

When the DNA is to be extracted, frozen samples will need to be 
25 defi-osted. The cartridge may be placed in a rack which may hold any number of 
samples, typically 96. The rack is then placed inside a device which, in sequence, 
delivers reagents and is heated to perform an extraction in accordance with the 
method described hereinbefore. 
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An advantage of this device is that the blood is collected, transported and 
extracted in a single device. This avoids the needs to transfer samples jfrom 
collection to extraction device and minimizes the potential for sample mix-up. 

5 In a preferred anbodiment, the device will bear a unique marking to 

identify the sample, such as a bar coding. 

Traditionally, filters are selected so as to have a pore size and composition 
which will act as an absolute barrio: so as to prevent the material to be filtered 

10 from passing throiigh or into the filter material. For example, by selecting a filter 
material with a particular pore size it is possible to prevent materials with a 
particle size greater than the pore size firom passing through or into the filter 
material. It has been foimd by the applicant that an improved method for purifying 
nucleic acid is obtained when a filter material is selected which does not provide 

15 an absolute barrier entry to the cells, but enables the cells to enter into, and be 
retained by, the filter as a retentate, in particular to pass into the filter material and 
to become entrapped therein. These steps occur prior to lysing the retentate, while 
the retentate is retained by tiie filter to form a cell lysate containing the nucleic 
acid. Subsequent to in situ lysing of the retentate, the filter is also capable of 

20 retaining the nucleic add but not other cell components. As a consequence 
where the sample comprises vvbole blood which has been treated with a red blood 
cell lysis solution, the solution containing red cell debris passes tiirough the filter 
and may be discarded, vAnlc the white cells containing the nucleic acid are 
retained by the filter as a retentate. Red cell lysis is not absolutely necessary as the 

25 filter will allow intact red cells to pass tiirough. However, inclusion of the red 
blood cell lysis solution leads to a cleaner final product 

It has been found tiiat the present method substantially improves the yield 
and purity of the nucleic acid product Furthermore, the present method provides a 
30 quick, simplified, cost efBsctive method for nucleic acid purification that is not 
manually intensive or technique-dependCTt and does not utilize hazardous 
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chemicals. The nucleic acid produced in accordance with one embodinoient of the 
present invention is capable of multiple downstream processing. Optionally, the 
nucleic acids retained by the filter may be washed with any suitable wash 
solution. Preferably, the nucleic acid retained by the filter is washed with a buffer 
5 having a pH in the range 5.8 to 10, more preferably in the range 7 to 8. In 
particular, washing with water or a low salt buffer such as TE"* (10 mM Tris HCL 
OpH8) with 100pm EDTA) is preferred. The washing step may occur prior to or at 
the same time as elution in step (e). Washing increases the yield and pitrity of the 
nucleic acid product and ensures that the filter stays damp during incubation. If 

10 the filter is allowed to dry the nucleic add still is recoverable but may be sheared 
and the yield will be reduced. Where the meOiod is carried out in a colmnn, drying 
of the filter also may be avoided by using a water vai)or retarding or blocking seal 
such as a rubber bung in the column to reduce evaporation of solution fix>m the 
filter. The washing step removes any remains of the cell material*lysis solution 

15 which may be problematic in downstream processing. 

It is preferred that the retentate be lysed vA^e entrapped within the filter. 
However, it should be understood fliat the method according to the present 
invention encompasses also an embodiment where substantially all or some of 
20 retentate is lysed while retained by, but not entrapped witiiin, the filter. 

In one aspect of the present invention, the retentate comprises condensed 
nuclear mat^al and cell debris. In this aspect, on application of a sample 
comprising cells containing nucleic acid to the filter, the cell membrane is 
25 rtqptured or genfly "peeled away" to form condensed nuclear material and cell 
debris which is retained by the filter. It is thought that the condensed nuclear 
material may comprise intact nuclei. 

In another aspect of the present invention, the retentate comprises intact 
30 whole cells as well as, or instead of, condensed nuclear material and cell debris. 
Advantageously, the intact whole cells may be treated in step (b), while being 
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retained by the filter, by the application of a detergent to the filter. Any detergent 
may be used, provided that it has the effect of rupturing or "peeling away" the 
cell membrane to leave condensed nuclear material. The condensed nuclear 
material is retained by the filter. Preferably the detergent is selected fcom sodium 
5 dodecyl sulfate (particularly 0.5% weight-by-volume SDS), or other 
commercially available detergents such as TWEEN™ 20 ^>articularly 1% 
volume-by-volume TWEEN™ 20X LDS particularly 1% wA^ LDS) or 
TRITOISFM e.g., TRirON™ X-100 (particularly 1% v/v TRITON™). The 
amoimt of detergrat employed is sufBdent to lyse cell membranes, but not so 
10 much as to denature DNA. Suitableamountsaregenerally 0.1%to2%by weight 
(wAO and preferably 0.2% to 1.5% w/v and more preferably 0.5% to 1.05% wAr. 

While Hxe addition of detergent to the retmtate is preferable, the present 
method noay be carried out without the addition of a detergent by u^g other 
15 known lysiog agents. However, applying a detergent to the letentate while the 
retentate is retained by the filter increases Ae yield and purity of the DNA 
product 

In addition to nqpturing the intact ^ole cells to form condensed nuclear 
20 material, the detergent also has the function of washing out protein and haem 
which may have been retained by tiie filter. 

After step (b), lysis, the retentate comprises freed nucleic acids. 

25 Alternatively, the retentate is lysed to form a cell lysate containing nucleic 

acid in step (b) by the addition of a low salt buffer. Preferably, the low salt bxiffer 
is TE"^ (10 mM Tris; 0.1 mM EDTA; pH8) or water. CHher suitable lysis 
solutions include any detergent-containing solutions in which the detergent may 
be cationic, anionic or neutral. Chaotrope-containing solutions, preferably buffers 

30 may also be used. The lysis solution lyses or bursts open the condensed nuclear 
material to release the nucleic add. It will be understood by the skilled person. 
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however, that lysing the retentate to form a cell iysate containing nucleic acid 
also can be achieved by other methods, for example, by heating. 

The retention or entrapment of the cells and nucleic acid by the filter may 
5 arise by virtue of a physical or size-related barrier relating to the dimensions of 
the filter material including the pore size and depth of the filter, or by oibsx 
means. Without wishing to be bound by theory, it is thought that the nucleic acid 
may be physically associated with the filter rather than chemically or otherwise 
tightly bound thereto. It is postulated that nucleic acid-nucleic acid interactions 
10 themselves are important in maintaining a sufBdently high cross^sectional area to 
retard movement of tiie nucleic add through the filter. 

Prefembly, the filter composition and dimensions are selected so that the 
nucleic acid is retained by the filter in step (c) in the form of a web. For the 

15 purpose of the present invention, the term "v^eb** can be taken to include partly or 
substantially disordered structures, lattice-type structures, mesh-type structuies, 
complex network-type structures, tangle-type stractures or knot-type structures. 
The Web may have a loose ox open stringy-type structure and may comprise a 
plurality of strands. The web structure does not involve substantial direct or 

20 intimate binding, for example by ionic interactions, of the nucleic acid directly 
onto the filt^. 

Advantageously, the filter comprises a plurality of fibers and has a 
substantially disordered structure. Preferably, the fiber diameters are selected so 

25 that the nucleic acid is retained by the filter in step (c) in the form of a web. In 
accordance with the definition of the term "web" as described above, the structure 
of the web is such that there is substantially no direct binding, for example by 
ionic interactions, of the nucleic acid directly onto the fibers. More preferably the 
fiber diameters are selected so that they are in the range of from Ijim to 30pm, 

30 even more prefembly in the range of firom 3\mi to 1 5pm, most preferably about 5- 
12|mi. 
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FHter materials that are suitable for use in the present invention include 
any material which enables the cells to be retained by the filter as a retentate and 
the nucleic acid to be retained by the filter, preferably in the form of a web. 

5 

Suitable materials include glass Gher or any silica-based or derived filters 
and plastic based filters, for example polyester and polypropylene based filters. 

Referring to the filter, it is preferred that the composition and dimensions 
10 are selected so that fiie filter is capable of retaining the cells and the nucleic add 
substantially in the absence of a chaotrope. It has been surprisingly found by flie 
^>plicant that with certain filter materials, including glass microfiber, woven or 
non-woven polyethylene, woven or non-woven polyester, or woven or non-woven 
polypropylene, it is possible to isolate nucleic acid in the absence of a chaotrope. 
15 This goes against the conv^tional wisdom of those skilled in the art of the 
invention. 

Preferably, the filter material is of a depth that is sufBciently large to 
entrap the cells and the nucleic acid within the filter without substantial loss, 
20 Accordingly, a filter of a suitable depth may conq>rise a plurality of filt^ layeis 
arranged in senes. The number of filter layers influences the total nucleic acid 
yield and concentration. Preferably, the plurality of filter layers is stacked one 
above the other and is supported, e.g., by a fiit The present method is scalable so 
that any sur&ce area of the fiOiter and thus any filter diameter may be used. 

25 

One suitable filter for use in the present method is a Whatman GF/D 
variant filter. Preferably, the lysate is exposed to a stack of four Whatman GF/D 
variant filters. The filters may be stacked into a column of 6mm in diameter and 
supported, e.g., on a glass ftit Various parameters of the GF/D variant filter are 
30 set out in Table 1 below. 
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Table 1, Characteristics of Whatman GF/B Ywrismt Fitter, 



Parameter 


Units 


Typical Values 


Grammage 




115 


Thickness 


|xm 


677 


C53kPa 








q/^ OlYmTc/f n'^ 
J vl/JUllS/ 111 


A 7 


cylinder) 






TensfleCMD) 


N/15mm 


5.8 


Water 


mg/on^ 


137 


Absorption 






Pore Sizes 


(xm 




Minitniim 




4.5 


Maximum 




14.5 


Mean 




7.9 



It is preferred also that the filter composition and dimensions are selected 
5 so that the nucleic acid in step (e) is capable of being eluted at a pH of from pH 5 
to 11 or preferably from pH 5.8 to 10. This is advantageous in the present me&od 
because elution of the product nucleic acid in a more highly alkaline medium 
potentially can degrade the product. Accordingly, one preferred pH for elution is 
from 7 to 9. 

10 

Eliiting the nucleic acid, in other words releasing the nucleic add from the 
filter, may be affected in several ways. The efGciency of elution may be improved 
by putting energy into the system during an incubation step to release the nucleic 
acid prior to elution. This may be in the form of physical energy (for example by 
15 agitating) or heat energy. The incubation or release time may be shortened by 
increasing tiie quantity of energy put into the system. 
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Preferably, heat energy is put into the system by heating the nucleic acid to 
an elevated temperature for a predetermined time, while it is retained by the filter, 
prior to eluting in step (e), but not so hot or for such a time as to be damaged. 
[However, elation still may be effected when the nucleic acid has not been heated 
5 to an elevated temperature or even has been held at a lowered temperature (as low 
as 4''C) prior to elution in step (e)J More preferably^ the nucleic acid is heated to 
an elevated temperature in &e range of 40*^0 to 125''C, even more preferably in 
the range of from SO^'C to 95*^0. Most preferably, the nucleic add is heated to an 
elevated temperature of about PO^'C, advantageously for about 10 minutes for a 
10 filter having a 6rDm dlamet^. Increasing flie filter diameter increases flie yield of 
DNA at any given heating temperature. 

It should be noted that predominantly single stranded material will be 
produced fix>m the present system. However, the ratio of double to single stranded 

15 DNA is dependent upon, and can be controlled by, the e^erimental conditions. 
Modifying the incubation regime using the parameters of time and temperature 
will alter this ratio, where a lower elution temperature over a longer time period 
will produce a high proportion of double stranded DNA. A higher elution 
temperature over a shorter period of time also will also produce a higher 

20 proportion of double stranded DNA. 

Once the nucleic acid has been heated to an elevated temperature while 
retained by the filter, it is not necessary to maintain the nucleic acid at the 
elevated temperature during elution. Elution itself may be at any temperature. For 

25 ease of processing, it is preferred tiiat, where the nucleic acid is heated to an 
elevated temperature while retained by the filter, elution will be at a temperature 
lower than the elevated temperature. This is because when heating has been 
stopped, the temperature of the nucleic acid will fall over time and also will fell as 
a result of the application of any ambient temperature eluting solution to the filter. 

30 Any solution at any pH which is suitable for eluting the nucleic add fiom the 
present filter may work. Preferred elution solutions include NaOH 1 mM to 1 M, 
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Na acetate ImM to IM, lOmM 2-[N-morpholino]-ethanesiilfonic acid (MBS) (pH 
5.6), lOmM 3-[cyclohexylainmo]-l--propanesulfomc acid (CAPS) (pH 10.4), TE 
(lOmM Tris HCL (pH8) + ImM EDTA), TE"^ (10 mM Tris; 0.1 mM EDTA; pH 
8), sodium dodecyl sulfate (SDS) (paiticularly 0.5% SDS), TWEEN™ 20 
5 (particularly 1% TWEEN™ 20), LDS (particularly 1% lauiyl dodecyl sulfate 
(LDS)) or TRITON™ ft)articularly 1% TRITON™), water and lOmM Tris, All 
yield approximately fbe same quantity of nucleic acid. Total yields of nucleic add 
4- are higher when eluted in a high volume of elution solution. 

10 In steps (a) to (d) of tibie present method, the temperature is usually 

ambient temperature, typically in the range 5**C to 40'='C. 



In genera], the present method may be applied advantageously to any 
\^ole ceU suspension. Cells particularly amenable to the present method include 
15 bacterial cells, yeast cells and mammalian cells, such as white blood cells, 
epithelial cells, buccal cells, tissue culture cells and colorectal cells. DNA has 
been obtained successfidly fix>m swabs, saline and sucrose mouthwashes and 
buBy coat samples. 

20 Where the cells comprise white blood cells, it is preferred that the method 

further comprises applying whole blood to the solid phase, optionally lysing the 
red blood cells therefrom, optionally washing the solid phase to remove 
contaminants and obtaining tiie cell lysate from the blood cells. The whole blood 
can be fresh or frozen. Blood containing Na/EDTA, K/EDTA, and citrated blood 

25 all give similar yields. A lOOn sample of whole blood gives a yield of 
approximately 2-5|iig of nucleic acids, a 500^x1 sample gives a yield of 
approximately 15-40ng of nucleic acids and a 10ml sample gives a yield of 
approximately 200-400^g of nucleic acids. 



30 



It is preferred that the nucleic acid comprises a polynucleotide. 
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While the method is applicable to any nucleic acid, it is preferred that that 
the nucleic acid comprises DNA, especially genomic DNA. 

It is preferred that the method be conducted without any centrifugation 

5 steps. 

It is preferred ibat the method be conducted substantially in tiie absence of 
a chaotrope. 



10 This method is particularly useful for the extraction of genomic DNA firom 

i^ole blood This mettiod can be conducted in a idngle vessel, and does not 
require any centrifugation steps, therefore making Hic method suitable for 
automation. One suitable method for extracting genomic DNA from a ^ole 
blood sample involves the following steps: 

15 

i) Whole blood is charged into a column containing one or more 

0»referably 4 standard depth) of GF/D variant filters (Whatman 
bitemational Ltd, Maidstone, UK). This arrangement of glass fiber 
filters has been found to be of a sufficient depth to effect separation of 
20 the white blood cells from other components of whole blood cells in 

the downstream processing, separation of ib& genomic DNA firom 
other material; 



ii) A red blood cell-lysis solution is delivered to the colimm in order to 
25 lyse red blood cells; 

iii) The red blood cell-lysis solution is drawn through the filters leaving 
white blood cells entrapped within the filter. 



30 iv) 



White cell-lysis solution is delivered to the column; 
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V) 



The white cell-lysis solution is drawn through the filters. It is believed 
that DNA from the white blood cells forms an association with the 
glass fiber filters. It is apparent that ionic interaction is Tninimal^ and 
accordingly it appears that there is a physical retarding of the 
movement of the DNA down the filter; 



5 



vi) 



A low salt buffer is delivered to the colunm and washed through. The 
DNA remains associated with the glass fiber filter; 



10 vii) 



FinHier low salt hvSer is delivered into the column. This is then heated 
at a temperature and for a sufficient time to release the DNA fix>m the 
filter. Preferably, the colunm is heated to a t^perature within the 
range 78-90°C (usually 82**C) for a time of approxunately 50 minutes; 



15 viii) DNA is eluted in the low salt buffer. The DNA is of multiplex PGR 



While it is indicated in this preferred method feat genomic DNA is the 
desired target compound, it is possible to use the method of the present invention 
20 to isolate RNA from an RNA-containing sample. 

It will also be appreciated to those skilled in the art of the invention that 
whole blood may be subjected to a red blood cell lysis solution in a separate 
. vessel prior to transfer of the mixture to the filter. Typical red blood cell lysis 
25 solutions that may be used in the method of the invention include those set out in 



quality. 



Table 2. 



A kit according to a preferred embodiment of the present invention 



comprises: 
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(a) an apparatus comprising a filter supported by a support, wherein 
the filter composition and dimensions are selected so that the filter 
is capable of retaining the cells and the nucleic acid; 

(b) one or more solutions selected firom a red cell lysis solution, a 
5 solution for rupturing intact whole cells to leave condensed nuclear 

material, a lysis solution for lysing nuclear material and an elution 
solution. 

The filter may be supported in or on iho support or may form an integral 
10 part of the support 



The support may be, for example, any tube or column made fix>m plastics, 
glass or any other suitable material which does not interfere with the nucleotide 
separation process. The filter supported on the support may be held in place by a 
15 glass frit This prevents movement of the filter, which may otherwise occur ^en 
the sample comprising cells or any qiber solution is applied to the filter. 



wo 02/16383 PCTAJSOl/25709 
Table 2. Soilmtions. 



Reference 


Vol Blood 


Vol Lysis Solution 


Composition 


Treatment 


Millar etal (1988) 
Nj\Jl I6;1215 




3ml 


lOmMTris-HCLpH 
8.2 

40QmMNaCl 
2mMEDTA 


Treat Q/nProtK 












Nelson & Krawetz (1992) 
AnalBiochem 207: 197-201 


1 Vol 


5 Vol 


17mMTris-HCIpH 
7.65 

HOmMNHiCl 


37°Cfor5min 


Ramirez-Solis etal 

(1992) Anal Biochem 
201:331-335 


1ml 


3ml 


155mMNH4Cl 
lOmMNaHCO} 


A^C for 10- 
15min 


Douglas etal (1992) 
AnalBiochem 201:362-365 


1ml 


lmlof2xRBC 
lysis 


Ix:- 

11% sucrose 
IQmMMgClj 
lOmMTris-HClpH 
7.5 

1% Triton X-lOO 


pellet and wash 
with Ix 


Linblom and Holmhind 
(1988) Gene Anal Tedm 
5: 97-101 


5ml 


10ml 


1% Triton X-lOO 
32QmM sucrose 
lmMTris-HClpH7.5 
5niMI^l2 


pelletAnrea and 
phenol 




0:2-2ml 


2Qml 


20mM'ms-HClpH 
8.0 

5mMEDTA 


Used -with 
Leukosofb 
typefillor 


Hemnann and Frischauf 
(1987) in Guide to 
Molecular Cloning pl80-183 


10ml 


30ml 


ISSmMNHjCl 

I0mMNH4C03 

O.lmMEDTA 


ice 15min, spin 




In another embodiment of the present invention, a technique is utilized which 
p^mits, btit does not require, elution of the isolated nucleic acid, and most generally 
provides a medium for storage and subsequent analysis of the genetic material, such 
as an FTA card* Preferably, tiie mediimi includes a matrix for immobilizing a genetic 
5 material thereon and allowing subsequent elution of the genetic material therefrom 
and an integrity maintenance provider for preserving the matrix. A coating is 
functionally associated with the matrix for enabling cellular lysis and releasing the 
genetic material from the lysed cells, while stabilizing the immobilized released 
gaietic material. A method is also provided of storing a genetic material most 

10 generally including the steps of immobilizing a genetic material on the matrix wdiich 
allows subsequent elution of the genetic material and lysing cells and releasing the 
genetic material from the lysed cells while stabilizing the immobilized released 
genetic material, and an indicator capable of generating a signal when the nucleic acid 
bonds to the substrate. The genetic material can then be analyzed in solution as 

15 opposed to being immobilized on the matrix. The present invention is well suited for 
various novel uses of the technology. More specifically, the present invention 
provides a product able to (1) identify the presence of nucleic acid on a substrate and 
do so rapidly; (2) maintain the integrity of the substrate; and (3) be used in novel 
embodiments which take advantage of these improvements. 

20 

The chemical composition of the substrate facilitates the lysis of whole cells 
and the subsequent capture of the released nucleic acids. The chemical composition 
further aids in their long term storage. The composition of the substrate is such that 
the rapid purification of the captured nucleic acid can be carried out. That is, the 
25 substrate itself allows for the release of nucleic acid by an elution step thereby 
providing a soluble nucleic acid firaction. As discussed in more detail below and 
exemplified in &e following examples, the present invCTition is most efBdent witii 
regard to elution of total DNA from the sample. However, nucleic acid and nucleic 
acid populations can be specifically eluted. 



The substmte, when processed in accordance with the invention to provide a 
nucleic add eluting filter material provides a number of advantages and applications. 
Thus, use of the substrate of tiie present invention jrovides advantages of 
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10 



15 



20 



25 



identification and quantification of nucleic acid-containing biological fluids as well as 
multiple processing or fluids. 

The filter material preferably utilized in the i»resent invention, is generally 
shown at 50 in Figure 23, and includes the following components: 

(i) a suitable matrix, preferably a filter membrane 52; 

(ii) a chemical coating 54; and 

(iii) an integrity maintenance provider. 

Contact of the filter media with the chemical coating solution produces the 
filter membrane of the invention. If the membrane is fibrous, this coating is a coating 
of the filter fibers, not the filter surface. Alternatively, the coating can impregnate the 
fibers. 

Preferably, the matrix of the present invention is a porous material in the form 
of a filter membrane. 

The temi "filter membrane" or "matrix" as used herein means a porous 
material or filter media formed, either fiiUy or partly fi^om glass, silica or quartz, 
including their fibers or derivatives th^eoj^ but is not limited to such materials. Other 
materials fix)m which the filter membrane can be composed also include 
cellulose-based (nitrocellulose or carboxymethylcellulose pq>ers), hydrophilic 
polymers including sjoithetic hydrophilic polymers (e.g. polyester, polyamide, 
carbohydrate polymers), polytetrafluoroethylene, and porous ceramics. 

The media used for ihe filter membrane of the invention includes any material 
that does not inhibit the sorption of the chemical coating solution and vMch does not 
inhibit tiie storage, elution and subsequent analysis of nucleic add-containing material 
added to it. This includes flat dry matrices or a matrix combined with a binder. It is 
preferred that the filter membrane of ibe invention be of a porous nature to facilitate 
immobilization of nucleic add. Unlike prior art supports, the support of the present 
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invention allows for elution of tiie genetic materiai therefronoi in a state that allows for 
subsequent analysis. Unexpectedly, such elution is a time efficient step thereby 
providing for almost immediate analysis. 

5 The tenn "chCTsical coating solution" as used herein means a chemical 

composition that is able to sorb to the afor^entioned filt^ membrane. The 
composition of the chemical coating solution is prefa:ably as described and relates to 
that outlined in US patents 5,756,126, 5,807,527, and 5,496,562. Adsorption of the 
chemical coating solution to tihe selected filter membrane results in the formation of 
10 the filter membrane of the invention. 



More specifically, the preferred chemical coating solution includes a protein 
denaturing agent and a fi:ee radical trap. The denaturing reagent can be a surfactant 
that will denature proteins and the majority of any pathogenic organisms in the 

15 sample. Anionic detergents are examples of such denaturing reagents. The chemical 
solution can include a weak base, a chelating agent, and the anionic surfactant or 
detergent, and optionally uric acid and urate salt as discussed in detail in the above* 
cited United States Patent 5,807,527. More preferably, the weak base can be a Tris, 
trishydroxymethyl methane, either as a free base or as the carbonate, and the chelating 

20 agent can be EDTA, and the anionic detergent can be sodium dodecyl sulfate. Other 
coatings having sintiilar fimction can also be utilized in accordance with the present 
invention. 



Alternatively, the substrate consists of a matrix and an anionic detergent 
25 affixed thereto. The anionic detergent can be selected fi:om the group including 
sodium dodecyl sulfate (SDS). SDS can be obtained in various forms, such as the Cn 
form and the lauryl sulfate. Other anionic detergmts can be used, such as alky aryl 
sulphonates, sodium tetradecylsulphate long chain (fatty) alcohol sulphates, sodiimi 2- 
ethylhexysulphate olefine sulphates, sulphosuccinates or phosphate esters. The 
30 anionic detergent, such as the SDS, can be applied to the filter matrix at varying 
concentrations. 

Generally, 5%-10% SDS can be used in accordance with the i»pesent invention. 
For example, increased concentrations of SDS, up to 10%, which cannot be 
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accommodated within an FTA cocktail, as set fordi in the prior art patents discussed 
above, provided greater critical micelle concentration ,i^4iich generates greater lysing 
c^ability and thus greater yield of target nucleic acid, as demonstrated in the ^cample 
section set forth below. A definite optimum SDS concentration is achieved in the 5 - 
5 7.5% SD& concentration range for coating particular glass inicrofiber in order to 
enrich for and purify different plasmid populations directly firom liquid cultures in a 
multi-well format, such fomiats being well known in the art 

The term "functiqnally associated with" means that the coating is disposed, 
10 sorbed, or otherwise associated with the support of the present invention such that tihe 
support and coating function together to inmiobilize nucleic acid thereon through an 
action of cellular lysis of cells presented to the support That is, the coating can be 
adsorbed, absorbed, coated over, or otherwise disposed in functional relationship with 
the media. For example, the support, in the form of a jfilter membrane, can be 
15 disposed in a solution containing the chemical solution. As stated above, the support 
or the present invention is preferably a porous filter media and can be in the form of a 
flat, dry media. The media can be combiaed with a binder, some examples of binders 
well-known in the art being polyvinylacrylamide, jjolyvinylacrylate, polyvinylalcohol, 
and gelatin. 

20 

The matrix of the present invention can be capable of releasing the generic 
material immobilized thereto by a heat elution^ Preferably, such a heat elution is 
accomplished by the exposure of tiie support having the genetic material stored 
thereon to heated water, the water being nuclease firee. This capacity to aUow for 
25 elution characterizes the various support materials of the present invention. 



The Glter membrane of the invCTition is sudithat at any point during a storage 
regime, it aUows for the rapid purification of iinmobilized nucleic acid. The 
immobilized nuclHc acid is collected in the form of a soluble fraction following a 
30 simplified elution process, during which inunobilized nucleic add is xeleased 6om the 
filter membrane of the invention. The filter membrane of the invention yields nucleic 
acid of sufScient quality that it does not impair downstream analyses such as 
polymerase chain reaction (PGR), Ugase chain reaction (LCR), transaiption mediated 
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amplification (TMAX reverse transcriptase initiated PGR, DNA or KNA hybridization 
techniques, sequencing, and the like. 

Nucleic add immobilization to a solid support although a suitable template 
5 for singular PGR reactions, cannot be measured or detected by traditional techniques 
such as optical density or fluorescence. Nucleic acid must be in solution for those 
techniques. Other post-purification techniques wherein nucleic acid is desked in the 
soluble form include cloning, hybridization protection assay, bacterial transformation, 
mammalian transfection, transcription-mediated amplification, and other such 
10 methods. The present invention provides nucleic acid in such a soluble form. 
Additionally, the signal generated by flie indicator of the present invention provides 
positive identification of the presence of nucleic acid on the substrate. 



The source of the nucleic acid can be a biological sample containing whole 
15 cells. The whole cells can be, but are not restricted to, blood, bacterial culture, 
bacterial colonies, saliva, urine, drinking water, plaana, stool samples, and ^utum. 
The samples can be collected by various means known in the art, transported to the 
substrate, and then ^plied thereto. Alternatively, the substrate can be in the form of a 
sampling device, such as a swab, sheet material, ball, or the like and the sample can 
20 be obtained directly fix>m the source. In other words, the substrate can be in the form 
of a device which can swipe or otherwise obtain the cell sample fix>m a somx^e. The 
source can be a sample tube containing a liquid sample; an oi^an, such as a mouth, 
ear, or other part of a human or animal; a sample pool, such as a blood sample at a 
crime scene or the like; ^ole blood or leukocyte-reduced blood; or other various 
25 sources of cells known in the scientific, forensic, and oHier arts. 



Additionally, the fibrous filter matrix of the present invention can be 
manu&ctured in various forms. For e^cample, the fibrous filter matrix can be 
manu&ctured in a sheet form, which allows for it to be in various formats such as 
30 multi-well plates, spin tubes, slides, cartridges, swabs, and pads. 

- The term "integrity maintainer" or "integrity maintenance means" as used 
herein means a scalable member ibat prevents degradation and/or loss of the matrix. 
Preferably, the integrity maintainer of the present invention creates an air tight seal. 
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thus preventing air, bacteria or other contaminants from coming into contact with tiie 
matrix and purified nucleic acid. The integrity maintainer can be in the form of a 
plastic bag, ivith or wi&out a seal, cellophane, a scalable contains, parafilm and the 
like. 

5 

The integrity maintainer can open to allow application of a sample onto the 
matrix. It is tiien closed and sealed thereby containing the substrates. Accordingly, if 
the substrate ages and becomes brittle, it is contained and not lost Alternatively, the 
integrity maintainer can be applied over the substrate after the sample is applied. 

10 

The present invention provides a method for isolating and archiving nucleic 
acid by the general steps of applying a nucleic acid sample to a substrate consisting of 
the coating fixed to the matrix, the substrate physically capturing the nucleic acid, and 
then bonding the nucleic acid to the substrate. Then a signal is generated when the 
15 nucleic acid bonds to the substrate. The bonding step is achieved by heating the 
substrate having nucleic acid applied thereto, by the method discussed above. 



The £q>plying step can be achieved by applying whole cells to the substrate. 
The substrate itself actually induces the lysing of the cells thereby releasing the 
20 nucleic acid into the substrate. By being a porous substrate, the substrate presents a 
vast surface area iiponi^^ch the nucleic acid is bound. 



A washing step, such as with various bufiTers set forth in the example section^ 
but not limited thereto, can be achieved and is done after cell lysis. The substrate tiien 
25 physically csqrtures the nucleic acid within the intrastaces thereof. 

The bound nucleic acid can be released from the substrate for fiirtfaer 
processing and analysis. The release is achieved by washing sbsps at elevated 
temperature, as demonstrated in the examples below. 

30 

Unexpectedly, enrichment for different populations of nucleic acids from the 
same cell source can be achieved using incremental temperature regimes. For 
example, plasma DNA can be isolated and enriched from bacterial colonies using the 
substrate of the present invention. Populations, such as larger populations of 
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supercoiled plasmid, foUowed by nicked plasmid and finally by linear plasmid 
migrating to the top of the isolating gel can be achieved utilizing incremental 
increases in incubation temperature. 



5 It is kno^vn that the FTA coating cocktail of the prior art contains 2% SDS. It 

is unlikely that this percentage can be inoDeased due to saturation points when in 
conjunction with other components of tiie cocktail. This limits the lysing capability of 
the FTA coating filters of the prior art as a mtical micelle concentration of SDS can 
be easily reached when presented with large numbers of cells, such as with a bacterial 
10 colony. Therefore, substrates containing a greater concentration of the Ijrtic agent, the 
anionic detergent, enable greater lysing capability and in turn, greater nucleic acid 
recoveri^. This is demonstrated in the examples set forth below. 

The filter membrane of the invention can possess the same chemical 
15 component as FTA that enables the action of cellular lysis and nucleic acid release 
upon sample ^plication. The chemical component ensures nucleic acid stability via 
protein denaturants, a free radical trap, and viral/microbial inhibitors. The difference 
between prior art FTA solid siq>ports and the filter membrane of the invention is that 
the base solid support, or filter, has been changed compared to that described for FTA 
20 products. This change in solid support material, or filter, has enabled, upon a 
simplified heat elution step, bound nucleic acid to be removed firom the filter 
membrane of the invention \?sdhiereas it cannot be removed fix)m FTA solid s!q>port 
(see Del Rio et al. (1995) Bio Techniques, vol. 20: 970-974). The nucleic acid 
released fix>m the filter mCTobrane of tiie invention is thus presented as a soluble 
25 firaction that can be readily aliquoted to multiple downstream processes such as PGR 
amplification. The eluted soluble nucldic add can also be entered into techniques 
where soluble nucleic acid is a necessity, such as optical density analysis, 
fluorescence detection, cloning, transformation, and the like. This added technique of 
elution enables high throughput multiple iHt)cessing regimes, such as genotyping. 



The present invention can find utility in many areas of genomics. For example^ 
the present invention provides die capability to elute bound genetic matCTial for the 
rapid purification of the genetic material to be utilized in any number of forensic 
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applicatioxis^ such as identificatioii, patemity/matemity identificatioz], and at the scene 
of a crime. 



10 



Prisoners from many countries are required to give a genetic sample (blood or 
buccal sample) for DNA fing^rinting purposes. The use of the pxese^^ 
provides a means for the long-temi storage of prisoner genetic material. If necessary^ 
the genetic material can be tested as soon as it is taken or many years after storage. 
The generic material can be obtained as either a soluble or solid phase fraction once 
isolated on the filter media of the present invention. 



The present invention can be utilized for patemity/matemity identification 
having a particular use for a mother or hospital wherein a newborn has been mislaid 
in the hospital. The rapid ability of the present invention to provide for a purified 
genetic sample provides even greater utility in such instances where a speedy 
15 identificationof a mislaid child would be most propitious. 

The present invention is a significant contribution to current methodologies for 
the preparation of soluble genetic material, which are otiierwise time-consuming and 
often result in inadequate template that is damaged or contaminated. The present 
20 invention provides high yield of purified genetic material of superior quality in less 
than twenty minutes of laboratory time. Ihe rapidly purified genetic material can be 
utilized for any number of food/agricultural applications such as tracings breeding, 
identification, and cloning. 



25 The efiSciency witii v^ch food manu&cturers detect pathogenic outbreak in 

both their livestock and finished product is the measure of a successful company. The 
use of the present invention as a swab that can be i^ply pressed against food or the 
use of a card onto wliicfa carcass blood can be spotted enables uses of the present 
invCTtion to rspidly isolate and detect for the presence of pattiogenic genetic material. 

30 Time consuming prior art assay techniques and involved nucleic acid preparations do 
not need to be performed if the present invention is utilized. Collected pathogenic 
nucleic acid can be used as a soluble fitiction or solid phase fitu:tion with the choice of 
an elution step. 
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Tracing carcass material^ whether for legal or health issues, enables 
manufacturers to keep control of their products. At the point of kill in a slaugihter 
houses a card utilizing the present invention can be attached to the carcass onto \;^ch 
its blood has been spotted. At the same time, a second card can be spotted witii tbe 
5 same blood and kept as an archive at the slaughterhouse. If an identification issue 
arises for a certain carcass, genetic records on both the carcass and the slaughteihouse 
can be utilized. If the carcass card is inadvertently removed, identification can still be 
carried out by simply pressing a carcass flesh onto such a card. 



10 Identifying the desired genes and characteristics that are required for a 

subsequent generation of a plant or animal requires the time efifective and reliable 
generation of nucleic acid from potential parents. The present invention can be used 
for the isolation of either soluble or solid phase genetic material to provide efifective 
and reliable results in such a need. Likewise, the present invention, in the form of 

15 microplates, a tube or a chip, can be used for the generation and detection of genetic 
material. The present invention provides methodology for superior template 
preparation time (whether soluble or solid) and cost effective archiving. 



Pressing a media, in flie form of a swab or otherwise, enables the user to pick 
20 xxp any contaminated microbes on food products of any type. Genetic material isolated 
from the media can then be utilized for any manner of diagnostic procedure 
depending on whether soluble or solid phase genetic material is required. This 
analysis can be done almost effectively immediately, as opposed to prior art 
techniques. 

25 

By the use of genetic manipulation techniques^ food stufif has hem produced 
with increased size, flavor, ripening, and sugar content Many countries prohibit the 
sale of genetically modified food products and tiierefoie require testing to be carried 
out Since one is looking for specific g^es Ibat generate tiiese characteristics, genetic 
30 material is required. The present invention can be used to provide rs^id purification of 
both soluble and solid phase gCTetic material. 

In view of &e above, the present invention finds utility in various areas of 
genomics. 
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Initial experiments were i)erfotmed to demonstrate the possibility of ittiliziiig 
FTA-coated materials such as membranes for the quantitation and detection of DNA. 
First ejcperiments illustrated that whole cells can be deposited onto FTA-coated 
5 membrane such as cellulose nitrate^ with cell lysis and nucleic add bindiiig readily 
carried out on contact Immobilized DNA can be detected (and quantified) by the use 
of a specific and non-specific DNA probe or other signal generators and one of the 
versions of immunoassay. 

10 There are many liquids in several industries that should not have any 

biocontamination at point of sale. Also liquids are monitored for inCTease in 
biocontamination over time. Liquids may also include biological samples where the 
presence of microbes may illustrate disease or infection. A sample of a liquid would 
be added to an FTA coated substrate, cells within the sample, including unwanted 

15 bioload» will lyse on contact with nucleic acid fixing instantly. Direct detection with 
either a general DNA probe, to show the presence of cellular contamination, can be 
used, or a species specific probe can be employed, and by hybridization identify the 
presence of vmwanted cells firom a multicellular sample. This type of system can be 
utilized in the food industry, with liquids including milk, wine, beer, and juices. In 

20 medicine, urine, blood, and stool extract can aU be applied to the system with direct 
detection of the immobilized nucleic acid carried out with species-specific probes. In 
the environmental industry drinking water, seawater, and river water can find utili^ 
within the proposed system. 

25 A disease such as Iiq>us is characterized by the presence of double stranded 

DNA (dsDNA) in the bloodstream. A sufferer of lupus will therefore have in their 
system antibodies that will have been raised to the presence of the dsDNA antigen. 
Human dsDNA spotted and fixed to FTA coated membrane can therefore be utilized 
as a platform for carrying out direct ELISA if ai^lied sample contains the lupus 

30 antibodies. Lengthy inomobilization steps in order to carry out "traditional" Qi^ISA are 
negated with an FTA approach. 

For the use of an FTA coated substrate onto which suspected leukodepleted 
blood is spotted, the nucleic acid component of the sample is affixed to the substrate 
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and is available for diirect measurement with a probe such as PEE. If deflection is 
below a set lower limit then the sample is deemed leukodepleted. Such a system 
offers great timesaving for blood banks that currently use microscopy for 
characterizing depletion efSdencies. With a trend more towards leukodepletion of 
5 blood at the source rather than bedside, a simple detection meQiodology is very 
useful. 

In this invention applicants propose that the extraction system offbe preset 
invention has several significant advantages compared to both traditional and 
10 quantitative PGR leukocyte counting mettiods. 

The measurement of the sample DNA with Pico gjceen fluorescent dye or 
specific human DNA probes has sensitivity in the range of DNA concentration firom 
200 pg to lOOQng. This sensitivity, in combination with the efficacy of the preferred 
15 embodiments of the present inventiox^ may qualify to measure DNA in leukoxeduced 
blood samples according to both AABB and European Standards. 

The present invention demonstrates an efiHciency comparable to flow 
cytometry for firesh and fix>zen samples of leukoreduced whole blood, RBC and 
20 platelets. 

Examples 

Example 1; PreparaiiHoia ofPnurified Product TEIsimig am Elatiojn Method 
25 DNA extraction fix>m 200^1 of human whole blood was carried out using the 

present method. The protocol was as follow: 

1) Add 200}il of ^ole blood to tiie column^ add 1000^1 of red 
blood cell lysis solution CRBCL), filter to waste. 

30 2) Add lOOOfxlRBCL filter to waste. 

3) Add lOOOjil 0.5% SDS, filter to waste. 

4) Add lOOOjil TE\ filter to waste. 

5) Add lOOjil TE^ filter to waste. 

6) Incubate at 90**C for ten minutes. 

35 7) Add lOOul TE^ filter to capture DNA solution. 
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The mean DNA yield for the present method is 30-40^g per ml of blood. 
About 80% of the DNA product is greater than 40kb. The approximate time per cycle 
is 20 minutes, i.e. significantly faster than presently known methods. 

5 

At various stages of the method, the filter and the retentate were analy2ed by 
scarming electron microscopy (SEM) in order to reveal the mechanism of cell 
retention, DNA retention and DNA release. Samples wrae fixed with 3% 
glutaraldehyde and 1% formaldehyde for 24 hours, washed with PIPES buffer, 
10 osmiated and gold treated with 25 nmofgold. The results are shown in Figures 1 to 9. 

The strands shown by the image in Figure 7 are ^)proximately 50 nm in 
diameter. It is thought that each strand is made up of a single DNA strand (less than 1 
nm in thickness) and a 25 nm gold coating which encases each DNA strand. 

15 

The im^e in Figure 8 shows that physically, the nucleic acid web appears to 
be unchanged after the heating and/or incubation step. 

Figure 9 shows that the filter is very clean after elution of the nucleic acid. 

20 

Scanning spectroscopy analysis of the waste eluant in step 2 (not shown) is a 
large absorbent peak at 410fim indicatii^ the presence of haem. At the end of step 2, 
the retentate is on or in the filter. 

25 Scanning spectroscopy analysis of flie waste eluant fix>m step 3 (not shown) 

shows a large defined absorbance i>eak at 275)xm uadicating the presence of protein. A 
small peak at 410^m is visible indicating the presence of haem. 

Scarming spectrophotometric analysis of the waste eluant fiom step 4 (not 
30 shown) shows a very small protein peak. No haem peak is observed. No peak is 
observed at 260^m indicating that DNA is not present This is confirmed also by 
agarose gel analysis. 
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Scanning spectrophotometric analysis of the final product (not sho^) shows a 
defined absorbance peak at 260^m indicating that DNA is present The 260:280 ratio 
is approximately 1.8. When the DNA is eluted in water, absorbance between 200 and 
230^ is zero indicating that there is no salt present 

Restriction digestion tests suggest that the DNA recovered firom this method is 
predominantly smgle stranded (see Figure 10). 



10 Example 2: Filter Depth for Filter Used in Elntiiom Metihod 

It has hiflierto been unknown to use a filter in the dual role of white cell 
capture and DNA capture. Once the white cells are lysed it is believed that the filter 
acts as a depth filter to the DNA. In order to explore this, the following investigation 
was undertaken. 

15 

A number of filters were stacked in an extraction column and DNA was 
isolated firom SOOjil of whole blood in accordance with the following protocol: 



1) Add SOOfil of red blood cell lysis solution to the blood and filter 
20 to waste. 

2) Add SOOjil 0.5% SDS solution and filt^ to waste. 

3) Add SOOjil ImM Tris-HCl pH 8.5 and filter to waste. 

4) Add SOOjil ImM Tris-HCl pH 8.5 and incubate for SOmin at 
82^C. 

25 S) Filter and cqrture DNA eluant 



Prior to the final incubation and elution step the filters were removed and each 
one eluted and incubated individually. Fig 10 shows that there seems to be a gradient 
of DNA capture firom the top filter to the bottom one. Lanes 1-8 show the recovery 
30 &om filters fix>m lowamost to iqypermost respectively. This tends to indicate that the 
filter is physically retarding the DNA rather than binding it 

The experiment was repeated but this time small gaps were left at the edges of 
some of the filters. If the association between the DNA and the filtar is entirely 
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chemical tiien this would have no effect on the gradient of DNA qxxantity from the top 
to the bottom filter. Fig 11 shows that the filter fit should be carefiiUy monitored in 
the method of the present invention since filters that are not true to the edge of the 
extraction vessel appear to bind much less DNA. The dropout in DNA levels on Aese 
5 filters had no effect on the capture of DNA filter below. This is finrfliCT evidence that 
ttte method of the present invention involves the physical retardation of DNA miher 
than a chemical interaction. 

Example 3; Fflter Depth for Fitter Used isn EMtion Method 

1 0 Analysis has shown that DNA recovery can be improved within the system by 

increasing the number of filters within the colimm. An experiment was performed 
according to the protocol below to assess the percentage of DNA captured by each 
subsequent layer of filter by processing whole blood using a 4-layered extraction 
column. 

15 Protocol: 

1) Add 20^il of whole human blood to the 2ml -extraction vessel. 

2) Add 1ml of RBCL and filter directly to waste. 

3) Add a finrther knl of RBCL and filter directly to waste. 

4) Add 1ml of 0.5% SDS and filter directly to waste. 
20 5) Add 1ml of TE"' and filter directly to waste. 

6) Add lO^il of TE'^ and incubate at 90^C for 8 minutes. 

7) Add 20fil of TE"^ and collect 



The Slters were removed prior to the elution step and the DNA coUected off 
25 each filter separately. The most DNA was recovCTed firom the uppemiost filter and the 
least DNA was recovered firom the lowest filter. 

Figure 12 shows an agarose gel photograph showing the results of an 
experiment to show the proportion of DNA eluted firom layers of filters withhi each 
30 system. 

Lane 

1 4th filter (Uppermost) 

2 3rd Filter 

3 2nd Filter 
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4 1st pater (Lowest) 

5 Control 

II Ikb Ladder 



5 Example 4; Salt Emviromment for Etottioia Method 

In the metfiod according to the present invention, DNA remains bound to the 
silica during flie wash steps in the presence of a 50% etfaanol solution. In the method 
of the present invention DNA remains associated with the filtcsr even in the presence 
of a low salt buffer^ The upper agarose gel m Figure 13 shows eight SOOfil blood 
10 samples recovered by the method of the present invention using ImM Tris pH 8.5 in 
the wash step. The lower gel shows recoveries using 50% ethanol in flie wash step. 
20ul of DNA eluant was loaded in each lane. 



Further experiments using the method of the present invention have shown 
15 that DNA can be eluted off the filters in a high salt environment. Fig 14 shows DNA 
extracted from lOO^il of whole blood and eluted in a range of salt concentrations. 
Lanes 1-3 were eluted in IM KAc, lanes 4-6 in O.IM, lanes 7-9 in O.IM, and lanes 
10-12 in ImM. Each lane was loaded with 3jil of eluant 



20 Example 5; ImcimbattioiDi Temperathaure for Eliiittioim Methodl 

Temperature and time of incubation prior to elution can be advantageously 
controlled according to the present invention to enable a high yield of DNA to be 
obtained. Fig 15 shows the effect of temperature on DNA yield. Higher tmiperatuies 
give higher yields and increased DNA shearing. Filters were incubated for 50 mins in 

25 water at 90^C (lanes 1-3), 85°C (4-6) and 80^C (79). 20ul of DNA eluant was loaded 
in each case. 

» 

Example 6; Incnbatiom TenanperatMire and Imcnibation Time for Elmtion Method 
A numb« of experiments were carried out to establisb the relationship 
30 between incubation tune, incubation temperature and DNA yield and size. A standard 
500[xl extraction was executed according to the protocol of Experiment 2, except that 
incubation in step 6 was carried out over a range of times and temperatures. The 
results are shown in Table 3: 201 
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Tables 



■f ^t¥iiv»rsitTiTft 


Time 


Yield 
(jig) 


If 


*TVf 


0 5 


0 




40 


1 0 


0 




40 


4 0 


0.14 


>20kh 


40 


24 0 


2.0 


>201cb 


AO 


0 5 


0.4 


>20kb 


AO 

ou 


1 0 


0.1 




AO 

ou 


4 0 


2.2 


*^<&UJR.,U 


AO 
OU 


94 0 


12.0 


^OAVK 
-^^UKO 


SO 
oU 


0 ^ 
u.«^ 


14.5 


^OOVK 
«^ZUKD 


oU 


1 O 

l.U 


25 8 


1 AlrK 


OU 


4 0 
H.U 


^5 5 






04 n 


40 4 


A ^IrK 


iUU 


lU 


79 


^».OAlrK 
>ZUKD 


1 AA 
100 


oo 


14 0 


oKD 


* 1 AA 
100 


•^o 

JU 


12 5 




1 AA 
lUO 


40 


16 5 


3kb 


1 AA 
lOO 


so 






105 


10 


14.0 


>20kb 


105 


20 


14.0 


5kb 


105 


30 


6.5 


2kb 


105 


40 


6.0 


Ikb 


105 


50 


5.0 


Ikb 



A small amoxmt of DNA was obtainable from filters incubated at 40**C for 24 
hours. Agarose gel analysis showed the DNA to be very large. At SO^'C a small 
5 amount of very large DNA was obtained after 4 hours. At 80°C DNA was obtained 
after 30 minutes. More DNA was yielded over a longer time period however this was 
progressively more sheared (Figure 20). 
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At 105°C a high yield of DNA comes off the filter in 10 minutes. Any longer 
than tiiis and the filter becomes visibly dry and the small amount of DNA that is 
recovered is severely sheared. Incubation at lOO^^C gives poor yields over short time 
peciods and sheared DNA when incubated for longer. 



Work with clinical blood samples has shown that incubation at 90°C for 10 
mmutes gives a good balance between yield and DNA size givmg 30-40^g of DNA 
per ml of whole blood. DNA has been shown to be approximately 85% > 40kb in size 
(Figure 21). Lane 1 in Figure 21 shows a Ikb ejrtended ladder (largest band 40kb) . 
10 Lanes 2 and 3 show lOjil of extracted DNA sample. 

Example 7; Heating Step Prior ito Etotion 

An experiment was carried out according to the protocol of Experiment 4 and 

7: 



15 



20 



Heat was applied to the ^stem to initiate release of the DNA from the filter. 
The system allowed flexibility with respect to the duration of the heating step, as 
eluting 18 hours after the heating step resulted in the production of fitnctional 
genomic DNA with only a small reduction in overall yield being recorded. 



Figure 1 6 shows the comparisons between the time of elution post heating. 
Lane 

2 heated to 90 ""C, cooled for 8 hours and eluted at 37**C. 
4 heated to 90''C, cooled for 1 hour and eluted. 
25 6 heated to 90**C, eluted at 90*=^C. 

7 Ikb ladder 



Example 8; Elmtion pH 

An experiment was set up in accordance with the pix>tocol of Experiments 4, 7 
30 and 8. Ranges of elution buffers with different pITs were used to recovCT the DNA 
from the systems. The findings showed that DNA could be eluted over a wide pH 
range (pH5-pHll), covering both low and high salt buffers, suggesting no direct 
binding to the matrix. 
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Figure 17 showing the results of altering the pH of the elution buffer over a 
range fix>m pH5.5 to pH 1 l.O. 
Lane 

1 Ikb Ladder 
5 2 elution at pH 5.5 

4 eitition at pH 7.5 
6 elution at pH 11.0 



Example 9: Elution Volnine 

10 An experiment was conducted using the protocol of Experiments 4 and 7 to 10 

except that a water eluant was used in step 7 at a volume varying from 10081. The 
experiment was conducted using one and two filters. The results are shown in Table 4. 
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Table 4 



Nmnber 


Water 


Mean vol of 


Mean DNA 


Mean DNA 


of 


added 


recovoed DNA 


cone. 


Yield f UB^ 


Filters 


(ni) 


so]n(^l) 


(ng/ul) 




1 


100 


168 


67 


11.3 


1 


200 


254 


50 


12.8 


1 


300 


358 


36 


12.9 


1 


400 


455 


28 


12.9 


2 


100 


170 


56 


9.5 


2 


200 


252 


49 


12.5 


2 


300 


356 


36 


13.15 


2 


400 


469 


33 


15.5 



Optimum yields and concentrations are obtained with the addition of 200^1 of 
eluant in a single filter column. Very slightly higher DNA yields can be obtained in a 
5 two-filter system or with higher volumes of eluant at the expense of DNA 
concentrations. 

Example 10: PCR Analysis of Purified Product After Etation 

Analysis of the final solution included repeating the Qiagen PCR assay. This 
10 assay amplifies a Ikb-region using increasing volumes of DNA in a set 50^1 reaction. 
Altiiough Uns does not result in equal masses of DNA being added, the aim of this 
experiment is to determine if any background inhibitors are present Reactions were 
set up as shown in Table 5. 
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Table 5 





DNA 
Control 


Present DNA 
Product 


Buffer 

f 15 MM Mk> 

10 times 


dNTPs 


Prima 1 


Prima 
2 


Taq 

Polymerase 


Water 


1 


0 


0 


5 


5 


0.2 


0.2 


0.5 


39.1 


2 


0 


1 


5 


5 


0.2 


0.2 


0.5 


38.1 


3 


0 


5 


5 


5 


0.2 


0.2 


0.5 


34.1 


4 


0 


10 


5 


5 


0.2 


0.2 


0.5 


29.1 


5 


0 


15 


5 


5 


0.2 


0.2 


0.5 


24.1 


6 


0 


20 


5 


5 


0.2 


0.2 


0.5 


19.1 


7 


5 


0 




5 


0.2 


0.2 


0.5 


34.1 



The samples were amplified xising the standard service amplification 
procedure. All the reactions appeared to woric in this assay. Therefore, it was 
5 concluded that the piesent DNA product is capable of amplification. 

Example 11; SBS Treated Filter (Comparative Experiment) for Elmtioii Method 

100ml of 10% SDS was. dried onto Whatman GF/D filters on a hot block. 
200^1 whole blood was added to tiie column^ incubated for 1 minute and then eluted 

10 to waste. Then, flie column was rinsed with 2ml of water and, again, eluted to waste. 
In all expoiments, there was haem still visible on tbie filter at the end of the 
experiment Redness was visible in all final eluants. All final eluants were fiothy 
indicating the presence of SDS. Fiom these experiments, it was apparent that forcing 
DNA through SDS treated filters seems to cause extensive DNA shearing. The 

15 number of filters Q-e., the d^th of the filter) seemed to have no noticeable affect on 
this. 

Experiment 12; Whatman GF/C Fiilter (Comparative Experiment) for Eliatioia 
Method 

20 It was found that the composition and dimensions of the Whatman GF/C filters 

were not suitable for the retention of cells and nucleic acid. The General Protocol set 
out above was replaced, but this time the stack of 4 GF/D variant filters was replaced 
with a stack of 4 GF/C filters. 500|il whole blood was added to the column, followed 
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by SOOfxl red blood cell lysis solution. An attempt was made to filter the filtrate to 
waste, however, the filter became blocked almost munediately. It was ^parent that 
the dunensions of the GF/C filter do not enable the retention cells tiierein. It is 
believed that the GF/C filter acts as an absolute barrier to the cells in the absence of a 
5 chaotrope. 

Exatmiple 13; Betectioini off Fixed BNA on FTA Membranes 

Human white blood cells and purified DNA were used as samples to load onto 
pieces of FTA-tested membrane for an ELISA assay based on the ionic interaction 
10 between polyethyleneirnine-peroxidase conjugate (PEI-PO) and DNA. 

Hie goal of the experiment vas to confirm that DNA could be attached to the 
FTA membrane for subsequent detection and to confirm that DNA could be released 
fiom flie cell and attached to a membrane firmly enough for following detection. 



Materials and Protocol: 

Four membranes were utilized; re membranes are as follows: 
1. Nitrocellulose membrane, pore size 0.2 iim, Schleicher & SchuU; 2. Nylon 
20 membrane, jKjre size 0.2 jim, Osmonics; 3. Nylon membrane, pore size 1.2 ^m, 
Oanonics; and 4. FTA-glass, grade F572-08, Whatman (used for comparison). 

The membranes were soaked vnUx the FTA solution for two hours at room 
temperature witii gentle agitation, dried completely at room temperature, and baked at 
25 80^C for one hour. 



15 



DNA Samples of WBC at 5x,10^ cells/|il, WBC, 5 ceUs/jil, and DNA, 2jig/jil 



were used. 



30 Protocol: 



All assay steps were performed in one 96 well plate. The ,chicles of each 
membrane, 0.5 nmi in diameter, were put on the bottom of the wells. DNA samples 
of 3 jil per well were loaded, in duplicate. Then the plate was subsequently blocked 
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10 



15 



20 



with PBS/BSA/Tween-20 solutidii, incubated with a Polyethyleneimine-Peroxidaze 
conjugate, washed with PBS/BSA/rween-20 solution, and finally incubated with 
different substrates for Peroxidase to develop colored soluble or insoluble products. 



DNA-positive and DNA-negative samples developed different color 
intmsities on the FTA-nylon, and FTA-nitrocellulose membranes, both having a pore 
size of 0.2 tim, v/hca the result of the enzyme reaction was soluble products (table 6, 
Figure 24). 

DNA-positive and DNA-negative samples only developed differrat color 
intensity, on FTA nitoceUulose membrane, with a pore size of 0.2 jun, when the result 
of the enzyme reaction was insoluble product (table 7, Figure 25). 

Advantages Or Unexpected Features: 

DNA can be loaded on the FTA or SDS treated membrane for later use in an 
ELISA determination. Additionally, DNA can be released fix>m WBC on FTA treated 
membrane (0.2 pm pore size) for subsequent analytical determinations. 

Physical and chemical properties of the FTA-treated membrane (such as pore 
size or membrane composition) are critical for their application for DNA evaluation. 
For example, FTA-nylon membrane, 0.2 \xm pore size, showed the best results for 
measuring a differing amount of DNA and discriminating the DNA-positive and 
DNA-negative samples. 



Results: 
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Table 6. Color Intensity Developed On The Samples Loaded On The 
FTA Materials By PEI-PO Assay With The Soluble Product 
Of PC, Reading at 490 nm 







A 

5x10^ WBCVpl 


B 

5x10 WBC/pl 


C 

lug/yd DMA 


D 

O-control 


. I 


0J2fun nylon 


1.131 


0.58 


over reading 


0.511 


n 


1.2 pm nylon 


2.279 


1.445 


1.92 


2.408 


m 


FTA-glass 


over leading 


over reading 


over reading 


over reading 


rv 


0.2 pm 
nitrocellulose 


1.034 


0.506 


2.208 


0.327 



Over-reading occurs when an optical density of die sample is more than 3.000. A 3 pi 
sample was loaded into each well. 

Visual Estimation of the Color Development On The Samples Loaded On FTA- 
10 Materials By PEI-PO Assay With The Insoluble Prodnct of PO 

0.2 um Nylon 



A dark brown ring developed in the middle of flie membrane v*en treated 
15 with 5x10^ WBC/pl. A Kght brown background with no ring developed when adding 
5x1 0* WBC/pl. When 2 pg/pl DNA was added the 0.2 pan Nylon developed a dark 
brown background. Finally, a Ught brown background developed in the control 
situation. 
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For all of the above concentrations, the background of all pieces is the same 
dark brown. There is no difference in the color of the DNA-positive membranes and 
5 the control one. 

FTA-glass 

As with the 1 ,2 \xm nylon material, the background of all pieces is the same 
10 dadc brown. There is no difference in the color of the DNA-positive membranes and 
ttie control one. 

0.2 Mm nitrocellulose 

15 With the addition of 5x10^ WBC/}il a dark brown ring developed in the middle 

of the membrane with a very light background. A very light brown ring in the middle 
of the membrane developed vs^en 5x10 WBC/|il was added. A dark brown 
background developed when 2 yl/yl DNA was added. A very light brown bacls^und 
developed in the control situation. 

20 

EXAMPLE 14; FTA Cellnlose Nitrate Membrane Applicatiomi For DNA 
Betermlmation * 

Membrane 

25 

Whatman Cellulose Nitrate Membranes having pore sizes of 0.1, 0.2, 0, 45, 
and 0.8 pm were used for tiie following e3q>eriments. The Membranes were soaked 
with the FTA solution for one hour at 80**C with gentle agitation, dried completely at 
room temperature, and baked at 80^ for one hour. 

30 
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DNA Samples 
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Three DNA samples were used for the following experiments. These samples 
inchide the following: 1. Single-stranded DNA, Ijig/jil; 2. Single-stranded DNA, 
5 0.2jig/|il; and 3. DNA-negalive sample - PBS with 3% BSA solution. 

Protocol 

2ja of the single stranded DNA solutions having a DNA concentration of 1 
10 ^ig/^l and 0.2 ^g/^l were fixed on the pieces ofthe membrane in a 96 well plate. The 
plate was blocked with PBS-BSA-Tween-20 buffer solution, incubated with a 
polyethyleneimine-peroxidate (PEI-PO) conjugate and washed three times before 
incubation with substrate solutions. 

DNA attached to the FTA membrane; in one set or the wells, was visualized 
directly on the membrane when the insoluble product of PO was developed 
subsequent to incubation with 3.3'-diamsidine. A duplicate set of the wells was 
incubated with 1^-ortophenylenediamine dihydrochloride (OPD) and color 
development in supernatant was estimated at 490 xan. 

Results 



15 



20 



The color intensity that was developed on the FTA membrane directly 
correlates with the amount of DNA loaded per well. The best resolution between 
25 DNA-positive samples with different DNA concentration and DNA-negative samples 
was achieved on the mraibrane with 0. 8 pm pore size, the readmg at 490 \xm was: 
DNA negative wells, 0.204; 0.2 ^g DNA/well, 1.070; 1 jig DNAAveU, 1.776. 

When the insoluble PO product indicated the amount of DNA, Ae most 
30 distmct differences between DNA-positive samples with different DNA 

concentrations and DNA-negative samples was achieved on the membrane with 0.1 
fim pore size. 
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EXAMPLE IS; CTA Nvlom And Nitrocellidose Membrane Applic^^ 
WBC determination 

Membranes 

5 

Four membranes were used for fhe following e^iperiment. These membranes 
are as follows: Nitrocellulose membrane, pore size 02. pm, Schleicher & Schull; 
Nylon membrane^ pore size 0J2 pm, Osmonics; Nylon membrane, pore size l^imi, 
Osmonics; and FTA-glass, grade F572-08, Whatman (used for comparison). 

10 

The Membranes were soaked witii the FTA solution for two hours at room 
temperature with gentle agitation, dried completely at room temperature, and baked at 
SO'^C for one hour. 

15 WBC Samples 



Samples or various concentrations were used in the experiment. These 
concentrations include: WBC, 5x10^ ceti/pl; WBC, 5 ccII/mI; DNA-positive control, 2 
Hg/yl single stranded DNA in water; and WBC-negative control, 3% BSA in PBS. 

Protocol 



All assay steps were performed in one 96 well plate. The circles of each 
membrane, 0.5 mm in diameter, were put on the bottom of each well. WBC samples 
25 of 3{il were loaded in each well, in diq>licate. Thra the plate was subsequently 
blocked with PBS/BSA/rween-20 solution, incubated with Polyethyleaieimine- 
Peroxidaze conjugate, washed wifli PBS/BSA/Tween-20 solution, and finally 
incubated witib different substrates for Peroxidase to develop colored soluble or 
insoluble products. 

30 

Results 



WBC positive and WBC-negative samples developed different color 
intensities on the FTA-nylon, and FTA-nitrocellulose membranes, each having a pore 
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size of 0.2 ^m. The color intensity develoi>ed v/bsn the result of the eDzym& reaction 
was soluble product/substrate (Figure 3 1). 

DNA positive and DNA-negative samples developed different color intensity 
on the FTA-nitrocellulose membrane, having a pore size of 0.2 pm. Again, the color 
intensity developed \dien the result of the enzyme reaction was insoluble 
product/substrate (Figure 32). 

CONCLUSIONS 

The color intensily developed on the FTA membranes in 96 well plate as a 
result of the PEI-PO assay. This directly correlates with the amount of WBC. The 
DNA can be released from WBC on FTA-treated membranes for subsequent 
anal}^cal determination* 

Physical and chemical properties of the FTA-treated membrane such as pore 
size are important for DNA evaluation. On the basis of two experiments it has bean 
shown that the membrane with a 0.8 \xm pore size is the best for DINA determination, 
while 0. 1 pm pore size membrane is more promising for WBC evaluation. 

Results presented in the 2 tables and Figures 32 and 33, marked as following (3 ul of 
the sample was loaded in the well): 



TABLE 7; Color intensilty developed on the samples loaded on tihe FTA- 
25 materials by PEI-PO assay witHh the solniMe substtrate for PO^ readiiag at 490 mm. 



B 



Concentration: 
30 control 



SxlO^WBC/jill 5WBC/»il 2fig/jEgDNA 0- 



Rows: 

I 0.2 pm nylon 



1.131 



0,58 



over reading 



0.511 
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n l^pm nylon 2^79 1.445 1.92 2.408 

ni FTA-glass over reading over leading over reading 

over reading 

rV 0.2 pmnitroceUulose 1.034 0.506 2.208 
5 0.327 
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TABLE 8; Visual estimation of the color development on the samples loaded on 
FTA-materials by PEI-PO assay with the insolnble snbstrate for PO (DB - dark 
brown; LB = light brown; VLB = very Kght brown; ring — ring in the middle>> 

5 A B C D 

Concentration: 5xlO^WBC/|d 5\VBC7|d 2fftg/|igDNA 0- 

control 

10 Rows: 

I 0.2 pm nylon DB LB DB LB 

ring 

n 1.2 pm nylon DB DB DB DB 

15 

m FTA-glass DB DB DB DB 



20 IV 0.2 nm nitrocellulose DB VLB DB VLB 

ring ring 

Advantages include alleviating tihe bottleneck of nucleic acid preparation. 
25 Also, GC adapters on gene specific primers enable immobilization so tiie solid phase 
(See Yang et al. (1998) PNAS. Vol. 95, pp. 5462-5467). Additionally, DNA, can be 
loaded on the FTA treated membrane for following ELIS A detennination and DNA 
can be released fit>m WBC on FTA treated membrane (0.2 iim pore size) for 
following analytical determination. 



30 
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EXAMPLE 16; DETECTION QMITS OF FTA CEILUJILOSE NnTRATE 
MEMBRANES 

The detection limit of he PEI-PO assay on FTA cellulose nitrate membrane for 
5 single- and double-stranded DNA was analyzed. 

OBJECTIVES: 



20 solution. Sevendifferent variables were studied to find out the sensitive points of 
each step of the PEI-PO assay for DNA determination in 96 well plate and used to 
determine the detection limit of the method for purified DNA. DNA samples as 
siDgle- and double-stranded DNA solutions were fixed on the FTA treated membranes 
in a 96 well plate, 40 pg - 400 ng DNA/well. All steps and ingredients of the assay, 

15 plate pretreatment, baking step after loading DNA, blocking buffer, can contribute to 
the assay sensitivity. Preliminary results suggested that detection limit of this method 
on cellulose nitrate membrane pore size 0.8 is 40 pg/well for single-stranded DNA 
and 400pg for double-stranded DNA. 

20 MATERIALS 

Membranes: 

Cellulose Nitrate Membranes were obtained firom the Arbor Technologies 
25 samples library. Membranes having a pore size of 0.8 imx were utilized for the 

following experiments. The membranes were soaked vnih tiie FTA for one hour at 
80^C, dried completely at room temperature, and baked at 80^*0 for one hour. 

DNA samples: 



Single-stranded human genomic DNA having the following concCTtrations 
were used: 20 ng/pl, 2 ng/jd, 200 pg/jO, 20 pg/jd. DEPC water was used as DNA- 
negative control. 2 |il of each DNA concentration sample was loaded onto the pieces 



Whatman Cellulose Nitrate membrane, pore size 0.8 ^m was treated with FTA 
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of FTA cellulose mtrate membrane. The specimens were loaded in duplicate or 
triplicate. 

Block solutions of PBS, 3% BSA, 0.1% Tween-20 (block solution #1), PBS, 
5 3% BSA (block solution #2), and 10 x Denhardt's solution (1% Ficoll 400, 1% 

polyvinylpyrolidone, 1% BSA), 4 x SET (NaCl, EDTA, Tris-HCl, pH 8.0), 0.1% SDS 
(block solution #3) were used when conducting these experiments. 



All of these this variables were chosen to find out the sensitive points of each 
10 step of the PEI-PO assay for DNA determination in 96 well plate. 

Two experiments were performed with FTA ceDulose nitrate membrane for 
DNA determination. The goal of the first experiment was to find the detection limit 
of the method fi>r double and single stranded DNA using following protocol. First, 2 

15 of the different DNA solutions were fixed on the pieces of the membrane in 96 well 
plate in dvrplicate. The plate was baked for one hour at SO'^'C. Then, the plate was 
blocked with block solution 1 for one hour at 37^C» The plate was incubated with 
PEI-PO conjugate for one hour at 37^C, then washed three times with PBS, 0.1% 
Tween, for 10 minutes at BT'^C. The DNA in one set or flie wells was visualized 

20 directly on the membrane when insoluble product or PO was developed afl:er 

incubation with 3,3'-dianisidine. A duplicate set of the wells was incubated with 1,2- 
ortophenylenediamine dihydrochloride (OPD) and color development in supernatant 
was estimated at 490 run. 



25 The goal ofthe second e3q)eriment was to repeat the determination of the 

detection limit and compare the results after incubating plates with different block 
solutions. In this experiment, untreated plates and plates treated with 0.1% Tween-20 
were used. The membrane in each kind of plate, after DNA loading was either baked 
or not baked. 

30 

RESULTS 



The combination of washing the plate with Tween-20 and using block solution 
#1 gave tiie best result with a low nonspecific background. The background 



wo 02/16383 ^ PCT/DSOl/25709 

measurement at 490 mn was as low as 0.200 on DNA negative membranes. Block 
solutions #2 and #3 increased nonspeciJBc sorption of PEI-PO. The backgromid 
measurement at 490 nm was 0.6 - 0.8. The detection limit of the method was found 
40 pg/weU for single-stranded DNA and 400 pg/well for double-stranded DNA. 
5 Baking step was find necessary for pure DNA determination by PRI-PO assay on the 
cellulose nitrate membrane. 



CONCLUSIONS 



10 The plate should be pretreated with 0. 1% Tween-20 solution before DNA 

determination on tiie FTA membrane to create low nonspecific bacl^;round. Among 
the three buffers only block solution #1 (PBS, 3% BSA, 0.1% Tween-20) works as a 
block solution for PEI-PO nonspecific sorption on the FTA-membrane. 

15 Results suggested that the detection limit of this method on cellulose nitrate 

membrane having a pore size of 0.8 is 40 pg/well for single-stranded DNA and 400pg 
for double-stranded DNA. . 

EXAMPLE 17: OUANTITATrVE BNA MEASUREMENTS ON FTA 
20 MEMBRANES 



Two ELIS A modifications were used to confirm that DNA can be released 
&om white blood calls (WBC) on an FTA treated cellulose nitrate membrane for 
subsequent quantitative determination. 

25 

Whatman Cellulose Nitrate and Nylon membranes, having a pore size of 0.2 
^m, were treated with FTA solution. Two version of FTA treatment wctc used. First, 
membranes were treated with FTA in 96 well plate, and used for DNA detemiination 
in the same date. Second, membranes were treated with FTA solution, dried, cut into 
30 the pieces, loaded into the plate and tiien used for DNA determination. 

Two ELISA modificatiotis were used to confirm tiiat DNA can be released 
&om white blood cells (WBC) on FTA treated cellulose nitrate membrane for 
subsequent analytical detemiination. 



wo 02/163S3 



PCTAJSOl/25709 



64 



10 



15 



20 



25 



MATERIALS 
Membranes 

Whatman Cellulose Nitrate membranes, pore size OJly 0.8pm and Whatman 
Nylon membranes^ standard and SP, both with pore size of O^iim were utilized. 

FTA Treatment 

Two treatments were applied: First - tiie pieces of die membranes, SxlOcan, 
were soaked widi fte FTA solution (without uric acid) for 15 minutes, then baked at 
80°C for one hour. Second - membranes were stored between plain paper in plastic 
bags. Membranes were cut into circles of 0.5 mm diameter, and loaded into the 96 
well plates. 10 jd of FTA solution was applied to each well on top of the membrane. 
The plate was completely dried at 80^C. 

DNA samples 

Single-stranded him[ian genomic DNA, of the following concentrations were 
used: 2 ng/jd, 200 pg/^1, 20 pg/^1; as well as DEPC water which was used as a DNA- 
negative controL 

WBC samples 

WBC were isolated fix)m ftesh human blood after lysis of the red cells with 
ammonium chloride buffer and three washing steps wifli PBS, 1 .5% BSA, WBC 
suspension was diluted to cell concentrations of 8x10^, 4x10^ and 2 cells per (U. 2 pi 
of each WBC concentration samples were loaded on the pieces of FTA membranes in 
duplicate or triplicate. 
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STUDY DESIGN AND METHOD 

The goal or the e3q>eriinents was to find the optknal FTA treatment of the 
membranes for DNA determination in a 96 well plate. The goal of the second 
5 e^qperiment was to compare two different ELISA assays for WBC determination on 
the cellulose nitrate and nylon membranes. 

ELISA was conducted on tiie basis of antibodies to human DNA and was 
designed after the optimization of all of the following steps: The experiment began 

10 with the loading of WBC and DNA samples ors the pieces of FTA membranes in a 96 
well plate. Thentheplatewasbakedfor onehour at 80^C. Incubation occurred next 
with block solution, PBS, 3% BSA, 0.1% Tween-20. Then there was incubation with 
human monoclonal antibodies (Abs) specific to human DNA, includmg 1 fig of 
Abs/ml for one hour at 37^C or overnight in refrigerator. Subsequently, washing 

15 occurred three times for five minutes at room temperature. Incubation with mouse 
antibodies specific to human IgG conjugerted with biotin, at a dilution of 1 : 1 5,000 
occurred for one hour at Sy'C. Then it was washed three times for five minutes at 
room temperature. Next, incubation with avidin-poly-HRP, at a dilution 1 :5,000 
occurred for 45 minutes at ST^^C. Then it was washed three times for five minutes at 

20 room temperature. The OPD substrate was incubated for 20 minutes at ST^'C. 

Incubation was stopped with 3M sulfimc acid. The supernatant was transferred from 
the wells to the replica plates. Then the reading plate was analyzed at 490 run. 



25 



RESULTS 



A very high positive background developed on all membranes treated with 
FTA in the plate. No statistical differences were observed between DNA-positive and 
DNA-negative wells with membranes, which were treated with FTA in the plate. 
When the membranes were treated with FTA before loading in the plate, very bright 
30 dark brown rings were formed on the cellulose nitrate mrad^ranes loaded witti WBC, 
8x10^ cell per during PEI-PO assay. The same bright rings for this WBC 
concentration, as well as for the concentration of 40x10^, were observed on the 
cellulose nitrate membrane with an assay based on antibodies to human DNA. No 
rings were seen on the membranes loaded witii pure DNA, or 20 WBC for ^1 samples. 
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The color intensity measured in the plates after PEI-PO and antibodies to human 
DNA assays at 490 nm presented in the following table. 



Table 9. Color Intensity Beveloped on the WBC Ssnmples JLoaded on the 
FTA-Ceilitilose Nitrate Membrane EUSA Assays, Reading 

at 490 nm 





PEI-PO Assay 


Abs to hiunan DNA 


Mean 


SD 


Mean 


SD 


8x10^ cell/pl 


1.491 


0.152 


2.013 


0.771 


4xl0^cel]/|a 


1:255 


0.214 


0.645 


0.104 


20cel]/|il 


1.079 


0.204 


0.303 


0.041 


DNA-positive 
control 


1.120 


0.290 


0.405 


0.026 


DNA-negative 
control 


0.830 


0.117 


0.324 


0.042 



The color intensity developed on WBC positive membranes directly depends 
on WBC concentration. NonspecLSc background was lovrer after an assay based on 
10 antibodies to human DNA. Both assays gave similar intensity between DNA positive 
and DNA negative samples, 0.74 for PEI-PO assay and 0.8 for antibodies to human 
DNA assay. But in tbe case of using specific antibodies, a more pronounced 
difference was observed between samples with different WBC concentration. 

15 CONCLUSIONS 



DNA can be released fixsm WBC on FTA treated cellulose nitrate membranes 
for subsequent determination. Color intensity developed on the WBC positive 
membranes depends on cell concentration. 



20 
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Inunimoassays based on the interaction between DNA and polyethyleneimine 
(nonspecific) or DNA and monoclonal antibodies to DNA (specific) can be applied to 
DNA determination on FTA cellulose nitrate membranes in a 96 well plate. 
Treatment of tiie membrane with FTA directly in the wells of flie plate results in a 
5 very high non-specific sorption of PEI to the membrane. 

Nylon membranes, both standard and SP, having pore sizes of 0.2, have a very 
high nonspedfic backgromid after incubation with PEI-PO and antibodies to human 
DNA assays. In the present setting, these membranes could not be recommended for 
10 DNA detemiination with ELISA assays. 

EXAMPLE 18s 

The following experiment demonstrates that DNA or genetic material isolated 
15 from low amounts of white blood cells, such as 33 cells per well or 0.33 cell/pl can be 
measured. 

White blood cell concentration of 1 cell per ml represents ttie amount of cells 
allowed for a whole blood unit, having a volume of 500 ml, to be marked as 
20 leukoreduction (LR) according to the European Standard. This method is able to 
detect such low levels of concentrations that is can be recommended for QC of 
leukoreduced blood. 

Mataials and Protocol: 



White blood cell suspensions w^ obtained fix>m whole blood samples after 
lysing red blood cells with ammonium chloride buffer. The concentration of white 
bloodcellscanbeintherangeofl to 1000 ceUs per ul. In this experiment 100 ml of 
vMte blood cells fix>m leukoreduced blood was loaded on FTA membrane and 
30 resulted in the collection of 600 pg DNA per well (note that there is 7 pg of DNA in a 
single human cell). Fluorescent stain of cell nucleus with Propidium Iodine detergent 
solution and fluorescent microscopy was used for validation of white blood cell lysis 
on the FTA membrane. 



25 
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A 96 well plate with control nitrocellulose membrane and the FTA membrane 
were loaded with white blood cells. Two methods were used. At jBrst, the v^te blood 
cell suspension was spotted on the membrane in a volume of 2.5 ul/well. According to 
a^econd protocol, different volumes of white blood cells in the range of 20 - 1 80 
5 ul/well were applied to the membrane by vacuum filtration. Two dififerent ELISA 
systems were used to measure DNA in each well. The first ELISA was based on 
polyethyleneimine-peroxidase conjugate. The second protocol used monoclonal 
antibodies specific to human genomic DNA. 

10 The detection limit was achieved by conducting an experiment when the same 

plate was loaded with genomic DNA samples in concentration range of 0.2 - 20 ng 
per well and white blood cell samples in amount of 90 - 360 per weU. DNA samples 
were spotted on the membrane in volimie of 2 ml per well. White blood cell samples 
were loaded in volumes of 30 - 120 mkl per well by vacuum filtiation. 



nitrocellulose membrane can be observed with a fluoresc^t microscope which are 
20 seen as bright pink spots spread over the membrane surface. The amount of cells 
counted on the membrane depends on the amount of white blood cells loaded. 
Propidium Iodine staining indicated that no intact cells remained on the FTA 
membrane spotted with the same amoimt of white blood cells. The color intensity of 
the ELISA product developed on the FTA mCTibrane has a linear correlation with the 
25 amount of white blood cells loaded per well. The detection limit for white blood cell 
was determined to be 100 cells per well. This represents the concentration of 1 
cell/»ul. The volume capacity was foimd as 100 ul of white blood cells suspension per 
well. When 3'3-diaminobenzidine was used as substrate for peroxidase, an insoluble 
product formed in the vAdtQ blood cell positive wells as brown rings on flie FTA 
30 membrane. The thickness and intensity of the rings depends on the amount of cells in 



15 



Results: 



The white blood cells stained with Propidium Iodine and jotted on 



the well. 



The volume edacity for 0.8 -1.2 FTA-NC membrane was shown to be - 100 
mkl of white blood cell suspension per well. So, it is possible to obtain 600 pg of 



wo 02/16383^^ PCt/DSOl/25709 

^^^^P^ ^^^^^ 

DNA per well. This amount can be detected on FTA-NC membranes with EUSA 
using antibodies specific to hunuin DNA above the background. 



The sensitivity of the method, which causes the FTA membrane to lyse cells 
5 and capture of cell DNA and ELIS A detection system on the basis of antibodies 
specific to human DNA is 0J2 ng of DNA per well in a 96 well plate format In the 
initial experiments flie sensitivity of the method was found as 1 00 mid per well of 
white blood cell suspension with cell concentration of 3 cell per mkl (as average 
county or 5 +/. 4 cells/ mkl. Accuracy at this level is in the range of 5 +/- 4 cells per 
10 mkl. However, in an additional experiment, using the same method, the sensitivity 
was determined to be 33 cells pa: well. 

With ELIS A, on the basis of antibodies specific to human DNA, it was 
possible to see a difference between control wells loaded with PBS and DNA and 
15 white blood cell positive wells loaded with 0.2 ng DNA/well or 60 mkl white blood 
cells/well. There is a linear dependency between color intensity of the assay and the 
amount of DNA. Additionally, there is a linear dependency between the assay and tiie 
white blood cells loaded per well. The data is presented in Figure 5. 

20 EXAMPLE 19; MeasMrememtt of Level off Antibodies to MmimaHtt BNA on FTA 
Membranes 



FTA Nitro Cellulose membrane application for measurement of the level of 
antibodies to human DNA. Lupus disease diagnostics. 

25 

Study Design: 

Double stranded genomic DNA or suspension of WBC as sources of human 
DNA was loaded on the pieces of FTA-nitro cellulose niembrane in 96 well plate. 
30 Plate was incubated with antibodies (Abs) specific to human DNA, which were 
obtained fix>m the patimt with Lupus disease. Concentration of Abs was lug of 
Abs/ml. ELISA assay on the basis of mouse anti-human Abs conjugated with biotin 
and poly-avidin-HRP were performed on tiie plate. The color intensity developed the 
in the Abs to human DNA positive wells and controls wells measured at 490 lim 



wo 02/16383 PCT/USOl/25709 



# - # 



RESULTS 



Table 10. Color Intensity Developed on the FTA-Celulose Nitrate 
S Membrane in Abs to Human DNA Positive Wells 

by ELISA Assays, Reading at 490 



Abs to Human DNA Control 

WBS as DNA soiirce 2.013 +/- 0.777 0.324 +/- 

10 0.042 

Genomic DNA as DNA source 0.405 +/- 0.026 0.32447- 
0.042 



CONCLUSION 

15 

FTA-treated membrane can be used to load DNA for following determination 
of antibodies specific to human DNA in the plasma of patients with Lupus disease. 

FTA coated filter materials are known to the art as tools for the analysis of 
20 genetic materials (Finder Patents) particularly for genomic DNA form any nvimber of 
sources. Nucleic acid firom blood samples can be pinified, retained, and readily 
utilized for PGR on FTA coated materials such as celluloid 3IET or glass microfiber. 
The genetic material bound to FTA filers can be stored in auseable state at room 
temperature for a great deal of time (up to 10 years to date). 

25 

There are many ways that FTA coated materials can be utilized to address the 
concerns listed previously. Such utilization would include: 

1 . FTA Tags Attached to Donated Blood Bags. 
30 A blood spot from the donor administered to an FTA card attached to ablood 

bag into which tiie donor is contributing would solve problems such as traceability, 
archiving and safety (pathogens are completely inactivated on FTA) of handling. One 
would not need to draw blood firom the bag for NAT, thereby negating tiie need to 
elaborate QC measures to prevent cross-contamination of neighboring blood samples. 
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2. FTA Provides a Rapid Method for Nucleic Acid Purificadon. 
Currently in the blood transfusion community, nucleic acid firom donated 
samples is prepared by traditional techniques vAiich take xsp to 90+ minutes. 
5 Preparation of usable nucleic acid when using FTA material takes ten minutes. 

Materials such as a 96 well microplate or tube containing FTA filters could be iiti1i7fir| 
by blood services for rapid preparation. There is also provision to include the 
technique of eluting nucleic acid from the FTA filter if a soluble firaction maybe more 
useful for some of the pathogen detection systems such as transcription mediated 
10 amplification (TMA). 



3. 96 Pooled Samples. 

A 96 well microplate containing FTA filter material could be used to provide 
longer pool analysis than that which is currently undertaken (24 is normal). The 
15 advantage of a 96 well FTA tool is that all samples are processed as one, but yield 
singular results, completely negating the need for iterative analysis if the traditional 
pool is foimd as pathogen-positive. There would also be a reduced risk for 'Talse- 
positive** results that occur by inadvertently following the wrong iterative pathway. 

20 4. Blood Archive Cards 

An extension of the blood bag tag idea where a portion of the original tag is 
archived for "look back'* purposes as new pathogens are discovered and become of 
interest. FTA solid phase storage of nucleic acid has been shown to yield usable 
product after ten years of RT storage. Storage/archive could be carried out in a file 

25 cabinet instead of fix>zen aliquots. 

5. NAT prior to blood donation. 

Administer a drop of blood (donor) to a card provided (or brought in by 
donor). Test by NAT, and if clear, draw donated blood after this testing. Hie 
30 advantage being that only safe blood enters the community. 

6. Multiple Pathogen Testing. 

Donor blood administered to an FTA device can be tested for many pathogens 
at once by PGR techniques. A 50|il blood spot yields a large surface on a filter fix)m 
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which may one millimeter pimches can he taken. Also, the provision exists to cany 
out different, specific PGR reactions on the same punch. 

7. Transport of Blood Sample. 

Donations taken at institutions do not necessarily carry out NAT. Expensive 
measures are taken to draw blood into tubes and then ship them to NAT testing 
centers. An FTA device wifli a donor blood spot can be sent via US postal service at 
room temperature witii no additional expense. 

8. Ambulance FTA Cards. 

Accident victims, etc. can be NAT tested very rapidly if victim blood is 
archived to an FTA card that is carried by the ambulance crew. 

Example 20; Testtmg off a Blood Sample Wifliiont Elution 

A unit of blood is drawn for transfusion at a blood center and is prepared for 
leukodepletion with a conventionally available filter. Attached to the filter and bag 
set is a sample spin tube and spin basket set which includes three tube sets, 1 2 ml of 
FTA buffer, 6 ml ofTE buffer, and 3 ml ofDNAse free water. After leukodepletion, 
26 microliters of the leukodepleted blood is spotted onto each of the filters in the spin 
baskets. After two minirtes, two samples are allowed to dry and serve as retention 
samples with barcodes connecting them to tiie origmal unit of blood, and hence the 
donor and drawing center. The third sample is dried, washed twice with FTA buffer 
and twice with TE buffer via addition and centrifiigation, 50 microliters of DNAse 
free water is added, the unit heated for 10 minutes in boiling water and centrifiiged to 
recover the DNA. A suitable fluorescent reader to measure the residual DN A. A 
standard curve can then be used to indicate the exact level of leukocytes remaining 
after leukodepletion or a reading of "non detected at...*" can be entered if the level is 
lower than the limit of detectioiu 

Example 21; Whatman Biosciences Fmrificatiop Sys tem (WBPS> BNA 
extractiop method for residTaal leukocyte conn tiiM y in leuko reduced whole Mood 
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Obiectives: T he white blood cell (WBC) concentration in serial diluted whole blood 
samples was evaluated with Whatman Biosciences Purification System (WBPS - 
Whatman, Inc.) and PicoGreen fluorescent dye (PicoGreen Quantitation Recent - 
Molecular Probes, Inc.). 

5 

The goal of the study was to approve the WBPS technology for WBC counting in LR 
blood. 

Study Design: Samples of CPDA whole blood with e?q)ected WBC concentrations of 
10 0, 1, 20, and 500 cells/pl were prepared by serial dilutions of whole fresh blood with 
"WBC-free" diluent Diluent was prepared by double filtration of the blood unit using 
a leukoreduction filter. Samples were frozen at —70^ C. Leukocyte concentration was 
evaluated in thawed samples after three days of storage wifli both WBPS DNA 
extraction method using PicoGreen dye and Flow cytometry using a LeucoCOUNT™ 
15 kit (Becton Dickinson). 

Solutions: Solutions were prepared as follows: 

Solution 1 : Ammonium chloride 0.83% 
20 Ammonium carbonate 0. 1 6% 

EDTAO.lmM 

Solution 2: 0.5% SDS 

25 Solutions: Parlliter> 

- Measure 500 ml purified water 

- Add 10.0 ml (9.9-1.1 ml) IM Tris (Whatman WB420003) 

- Add 0.596 g (0.595-0.597 g) KCl (Whatman WB410015) 

- Add 0.29 g (0.28-0.30 g) MgCfc (Whatman WB410014) 
30 - Mix to dissolve 

- Add 10.0 ml NFB (alternatively, fetal calf serum may be 

used) and mix 
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- Add 0.5 g (0.49-0.51 g) NaMetabisulfite (Whatman 

WB410055)and 

mix 

- Add water to 1000 ml and mix weU. 

5 - Aseptically filter solution tbrough an 0.2 pm filter in a Class 



n safety 



cabinet 

- Store at room temperature 



lO" Solution 4: TE (1 0 mM Tris; 1 mM EDTA) (alternatively, substitute water) 

Hie WBPS protocol for DNA extraction from LR blood samples was as follows: 
PROTOCOL: 

15 

=^ Load blood into WBPS columns (800 \iL per single column); 

= Apply low vacuum so blood will be drawn through the filter matrix 
with flow rate of 0.5 - 1 ml/min; 

= Add 1 ml of sol. 1, apply vacuum; 
20 =Repeat the previous step 1 time 

= Add 1 ml of sol. 2, apply low vacuum, release vacuum when 
approximately half of the sol. 2 volume is drawn through the filter; 

= Incubate the columns with sol. 2 for 2 miTi^ spply vacuum; 

= Add 1 ml of sol. 2, apply vacuum; 
25 = Add 1 ml of soL 3, apply low vacuum; 

== Add 0.5 ml of sol. 3, ^>ply vacuum; 

=^ Remove the colimms fiom the Vacuum Manifold lid, wipe columns' 
nozsdes with tissue to remove any contamination firom previous 
steps; place a black cap onto each column nozzle; 
30 =Add 100 filofsoL 4 (or water), place the columns into the Heating 

Station (heat block); 

= Incubate at 80 C® for 5 mip; 
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= Replace the Waste Tray in the Vacuum Maioifold with the Sample 

Collection Rack. Maik the collection tubes correqK>ndingIy to the 

marks on the columns. 
— Remove the columns from the Heatmg Station and remove the black 
5 caps while the columns are still hot; piEt the columns into the Sample 

Collection Rack, and add 100 (il of sol. 4 (or water) to each column; 
= Apply vacuum to collect DNA solutions into the collection tubes; 
= Remove the columns fiom the Vacuum Nfonifold lid, place the black 

cap back onto each column nozzle; 
10 = Add 120 pi of sol. 4 (or water), place ihe colmnn into ihe Heating 

Station; 
= Incubate at 80 C*^ for 5 mm; 

= Remove the colimms from the Heating Station, remove the black 
caps, put the columns into the Sample Collection Rack 
15 coixespondingly to their collection tubes; 

= Apply vacuum to add this portion of DNA solutions to the collection 
tubes; 

= DNA solution is now ready for quantitative evaluation 

20 The process of DNA isolation takes approximately 60 minutes. 

=Measure DNA concentration with Pico-green dye applying 
calibration curve of DNA standard solutions (takes approximately 30 
minutes).* 

25 ~ Leuko<^e concentration is calculated taking into account the amount 

of DNA equal to 0.007 ng per 1 yAnte cell in human blood. 



* - Alternatively, the PicoGreen detection system may be replaced witii the ACES kit 
30 (Whatman) if it is modified for quantitative DNA measurement 



Result: 
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Result of WBC concentration observed in the frozen samples of LR whole CPDA 
blood with WBPS DNA extraction metiiod and Flow cytometry presented on Fig 28. 

Conclusion: The WBC concentrations observed in frozen samples of UR whole blood 
5 with WBPS method were found in good agreement with the WBC concratrations 
observed with traditional Flow cytometry method. 

Example 22: WBPS for residmal leToikocyte coimting M lenkoredTmced whole 
Mood> Comparable evalnatHomt of the method in flaree-site stady, 

10 

Objectives: T he white blood cell (WBC) concentration in serial diluted blood samples 
was evaluated at three sites using three methods: 

1 . Whatman Bioscience, Newton, MA, WBPS kit and Pico-green fluorescent 
15 dye. 

2. Hemasure Inc., Marlborough, MA, Flow cytometry using a LeucoCOUNT™ 
kit and FACS Calibur (Becton Dickinson). 

20 3. The Blood Centers of the Pacific, Quantitative PCR of an HLA-DQ-A 
sequence using real-time GeneAmp 5700 (Applied Biosystems). 



All sites used aliquots of the same samples of CPDA*1 whole blood. 

25 

The goal of the study was the comparison of the WBPS method with conventional 
Flow cytometry and the Quantitative PCR for WBC enumeration in leukoreduced 
blood. 



30 Study Design: Six sets of blood samples with expected WBC concentrations of 0, 0.2, 
1, 5, 25, 125, 600 cells/fxl were prepared by subsequent dilutions of whole £besh blood 
with "WBC-firee*' dilurat Diluent was prepared by double filtration of the blood unit 
using leukoreduction filter. The first set was used for WBC enumeration in fiesh 
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blood samples with Flow cytometry on day one. Five sets of samples were frozen at - 
70 C®. Three of them were used for WBC counting with Flow cytometry and WBPS 
kit on day two. Analysis of the remaining frozen sets using Flow cytometry and 
Quantitative PGR was performed on day seven. 



10 



Results: WBC counts in the samples with e:»q>ected cell concentrations of 0; 0.2; 1; 5; 
25; 125; and 600 cellsAd observed at three different sites using three diflF«ent 
methods presented as an average of three measurements +/- SD of fresh or frozen 
blood: 

Table 11 





0 


0.2 


1 


5 


25 


125 


600 


Flowcyto. 

(Fresh) 


0.08 

+/- 0.04 


0.2 
+/- 0.06 


0.9 
+/- 0.18 


4.02 
+/-0.15 


21.9 
+/- 2.6 


110,5 
+/- 7.6 


559.8 
+/-28.1 


Flowcyto. 
(Frozen) 


0.02 
+/- 0.02 


0.13 
+/- 0.00 


0.6 
+/-0.11 


3.4 
+/- 0.42 


17.6 
+/- 0.3 


96.0 
+/- 1.5 


454.2 
+/.48.1 


WBPS 
(Frozen) 


0.28 
+/- 0.09 


0.44 
+/-0.11 


1.1 
+/- 0.15 


3.3 
+/-0.76 


21.8 
+/-4.3 


127.9 
+/-4.2 


605.0 
+/-80 


Quant. 

PCR 

(Frozen) 


N/A 


N/A 


N/A 


2.0 


12.2 


108 


696 
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Conclusion: 



WBPS DNA extraction method meets criterion of botib the American Associations of 
Blood Banks and European Ck>uncil Standards for counting leukocytes in a 
leukoreduced RBC unit The sensitivity of the method is quite comparable with Flow 
cytometry method. The Quantitative PGR method has underestimation bias in range 
of concentration from 5 to 25 cells/^l. 



Esample 23: WBFS imtetllBod for residual leukocyte evalimatioB bb leukorediacedl 
10 Red Blood Cell sampBes^ Comparison with Flow cytomaeitaryo 

Objectives: 

Leukocyte concentration in serial diluted samples of Red Blood Cell (RBC) was 
evaluated with a WBPS and Pico-green fluorescent dye in parallel with Flow 
15 cytometry using a LeucoCOUNT™ kit 

The goal of the study was the comparison of the Flow cytometry and the WBPS 
DNA-^xtraction methods for leukocyte enumeration in fresh and frozen leukoreduced 
RBa 

20 

Study Design: Six sets of RBC samples with expected leukocyte concentrations of 0; 
0.2; 1; 5; 25; 125; cells/^1 were prepared by subsequent dilutions of fresh RBC with 
"leukocyte-free** diluent Diluent was prepared by double filtration of the unit using 
rNLS filter (Hemasure). Three sets were evaluated as fresh blood samples on day one. 
25 Another three sets were fix>zen at -70 C**. Leukocyte evaluation in these sets was 

performed aflCT thawing on day two. Leukocytes were evaluated with Flow cytonoetry 
usmg two devices, FACS Calibur (Becton Dickinson) and EPICS XL (Beckman 
Coulter). The WBPS DNA-extraction kit and Pico-green were used to evaluate WBC 
in the samples as alternative DNA extraction approach. 

30 

Results: The WBPS DNA-extraction method is comparable with Flow cytometry for 
leukocyte counting in RBC blood for the concentration in range of 0.2 - 125 cell/jiL 
ITie signal/noise ratio for DNA measurement in the sample wdth a concentration of 1 
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cell/pl was found to be no less then 3. Observed leukocyte counts in fresh and frozen 
RBC samples exhibit good correlation with expected cell concentrations (Figure 28 
and Figure 29). 

Conclusions: The WBPS DNA-extraction method meets the criteria of both the 
American Association of Blood Banks and tiie Council of Europe Standards for 
counting leukocytes in a leukoreduced RBC units. Freezing of RBC enables leukocyte 
recovery for subsequent quantitative analysis with both Flow cytometry and the 
WBPS DNA-extraction method. 

Example 24; Quantitative DNA extraction and detecttioM method for residual 
leukocyte evaluatioa in leukoreduced blood products* 

Additional protocol for whole blood samples for leukoreduced blood samples. 

The leukocyte concentration in whole blood samples varies firom 4000 to 9000 
cells per 

The leukocyte concentration in leukoreduced blood samples is fiom 1 to 20 cells per 



Applicants have observed noticeable cell loss when a sample of leukoreduced 
blood was s^plied onto the original column. 

Applicants suggested that media would hold leukocytes better if it is 
compressed in comparison with the original colunm. 

The following e?qperiment proved this hypothesis: 

The original column contaios filter media between two firits. The Mt-filter 
media-fiit sandwich configuration has several advantages. The upper fiit in the 
colimm helps to maintain the flow of the blood product sample by enabling an even 
flow of sample to decrease clotting and by breaking up microdots. During the heat 
incubation step(s) prior to the ehition step(s), the upper fidt assists in retaining 
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moisture and the lower ftit assists in preventing dripping. Construction of the 
sandwich involves some compression of the material used to make the filter media in 
the ordinary course of the type used in the ordinary course of constructing filter 
media. 

Samples of leukoreduced Red Blood Cell blood were ^plied into the original 
columns and the columns vdth further compressed media, in which the fiit-filter 
media-fiit sandwich was fiirdier compressed prior to addition of the sample. Columns 
with "compressed'' media were further compressed so that ib& volume of the media 
was between 10 and 80% less than the original volume of the filter media, preferably 
between 25 and 75% less, and more preferably between 40 and 60% less than the 
original volume of the filter media. The samples of blood were as analyzed using 
standard flow cytometry methods, which are blood industry standards, and measured 
as containing 0.9, 4.9, 22.6, and 1 13 cells/pl. 

Leukocyte counts were evaluated with Flow cytometry using the 
LeucoCOUNT™ kit in all samples applied onto colunms and in the same samples 
collected firom the columns. The cell capturing was evaluated on basis of coimts in 
"in** samples and "out'' samples. 

The data of this experiment is presented in Figure 30 as a % of WBC captured 
firom leukoreduced blood samples by the columns with compressed media vs. the 
columns with non-compressed media. 
Conclusion: 

The WBC concentrations based on the data Scorn the colunms with 
compressed media are within 99.6%-100% of accuracy compared to flow cystometry 
results, while the columns with non-compressed media are within 86.5%-92.8% of 
accuracy. 

Throughout this application, various publications including United States 
patents, are referenced by audior and year and patents by ninnber. Full citations for 
the publications are listed below. The disclosures of these publications and patents in 
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their entireties are hereby incorporated by reference into this application in order to 
more fully described the state of the art to which this invention pertains. 

The invention has been described in an illiistrative manner, and it is to be 
5 understood ihat the terminology which has been used is intended to be in the nature of 
words of description rather than of limitation. 



Obviously, many modifications and variations of the present invention are 
possible in light of the above teachings. It is, therefore, to be understood that within 
10 the scope of the described invention, the invention may be practiced otherwise than as 
specifically described. 



REFERENCES 

15 GC adapter immobilization to cellulose - Public domain; Yang et al. (1998) 
PNAS. vol. 95. pp. 5462-5467. 

U.S. Patent No. 5,496,562, SoUd Medium and Method for DNA Storage, 1996 
Renz, M., C. Kurz, "A colorimetric method for DNA hybridization," Nucleic Acids 
Research, 1984, vol. 12, No. 8, p3435-3444 
20 Matsuhisa A., Y. Kish, K. Shiba, "A Simple Staining Method for DNA and RNA 

blotted on a Membrane Using a Polyethyleneimine-En:^ane Conjugate," J. Biochem., 
1994, vol. 116, p.478-481 
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CLAIMS 

We claim: 

1 . A method for detemmimg the mmiber of cells of mterest m a sample 
5 comprising: 

(a) applying a sample comprising cellular material to a filter; 

(b) lysing the cells of interest to form a cell lysate; 

10 

(c) immobilizing the released nucleic acid on or witiiin the filtei^ 

(d) removing the remaining cell lysate from the filter and retaining the 
nucleic acid; 

15 

(e) eluting the nucleic acid from Ae fiher; 

(f) quantifying flie amount of nucleic add eluted fiom the filten and 

20 (g) determiningthenumber of cells of interest in the sample based on the 

detemiined quantity of nucleic acid eluted. 

2. A method for detemuning flie numb» of cells of interest in a sample 
conqnising: 

25 

(a) ^plying a sample comprisiog cellular material to a filter; 

(b) lysing the cells of interest to forai a cell lysate; 

30 (c) immobilizing the released nucleic acid on or within the filter; 

(d) removing the remaining cell lysate from the filter and retaining the 
nucleic acid; 
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(e) quantifying the amount of nucleic acid retained on the filt^; and 

(f) determining the number of cells of interest in the sample based on the 
5 determined quantity of nucleic acid retained. 

3. A method for estimating the number of i^te blood cells in a blood sample 
comprising: 

10 (a) isolating tiie nucleic acid from the blood sample; 

(b) detemiining the amount of nucleic acid isolated from the blood sample; 

and 

15 (c) detemiining the number of white blood cells in the blood sample based 

on the determined amount of nucleic acid. 

4. The method according to claim 3, wherein the blood sample is a leukoreduced 
blood sample and wherein the nucleic acid measured is DNA. 

20 

5 . The method according to claim 4, wherein the DNA is genomic DNA, double- 
stranded DNA, or single-stranded DNA. 

6. The method according to claim 4, wherein the estimated number of white 
25 blood cells is at least 85% of the number of vfbit& blood cells as measured by flow 

cytometry. 

7. The method according to claim 4, herein the estimated number of white 
blood cells is at least 90% of the number of white blood cells as measured by flow 

30 cytometry. 

8. The method according to claim 4, wherein the estimated number of white 
blood cells is at least 9S% of flie number of white blood cells as measured by flow 
cytometry. 
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9. 



The method according to claun 4, wherein the estimated nximber of white 



blood cells is at least 98% of the number of white blood cells as measured by flow 
cytometry. 



10. The method according to claim 4, herein the estimated number of \7^te 
blood cells is at least 99% of the number of white blood cells as measured by flow 
cytometry. 

10 11. Ametfaodfor determining the amount of white blood cells in a blood sample 
comprising: 

(a) applying a blood sample comprising cells to a filter in the absence of a 
chaotrope; 



5 



15 




retaining the ceUs with the filter as a cellular retentate and removing 



20 



(c) lysing the cellular retentate from step (b) to form a cell lysate while 
retaining the cell lysate in the filter, the cell lysate retentate containing nucleic 
add; 



(d) removing the remaining cell lysate from the filter and retaining the 
nucleic acid; 



25 



(e) 



eluting the nucleic acid; 



(Q measuring the amount of nucldc acid eluted from the filter; and 



30 



(g) determining the amoxmt of nucleic acid measured to estimate the 
number of white blood cells in the sample based on an amoimt of 
approximately 7 pg of nucleic acid contained in each white blood ceU. 
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12. The method according to claim 1 1 , wherein the nucleic acid measm^d is 
DNA. 



13. The method according to claim 12, \7vfaerein the DNA is genomic DNA, 
5 double-stranded DNA, or single-stranded DNA. 

14. A method for isolating nucleic acid j&om a blood sample comprising: 

(a) £5)plying a blood sample comprising cells to a filter in the absence of a 
10 chaotrope; 

G>) retaining the cells with the filtCT as a cellular retentate and removing 
contaminants; 

15 (c) lysing the cellular retentate fix>m step (b) to form a cell lysate while 

retaining the cell lysate in the filter, the cell lysate retentate containing nucleic acid; 

(d) removing the remaining cell lysate firom the filter and retaining the 
nucleic acid; 

20 

(e) heating &e nucleic acid to an elevated temperature of 40'*C to 125**C 
while retained by the filter 

(f) eluting the nucleic acid; 

25 

(g) quantifying the amount of nucleic acid eluted firom the filter; and 

(h) deteinraiing the number of nucleic acid-containing cells in the sample 
based on the detemiined quantity of nucleic acid eluted. 

30 



15. The method according to claim 14, \sdierein steps (e) and (f) together are 
repeated at least once. 



wo 02/16383 PCTAJSOl/25709 

86 

16. The method according to claim 14, wherein the elevated temperature is in the 
rangeof80«Cto95^C. 



1 7. The method according to claim 1 4, wherein, prior to step (a), the filter is 
5 compressed to between 1 0% and 80% less than its original volume. 

1 8. The method according to claim 17, wherein the filter is compressed to 
between 25% and 75% less than its original volmne. 

10 19. The method according to claim 17, wherein the filter is compiessed to 
between 40% and 60% less than its original volume. 

20. The method according to claim 14, wherein the cellular retentate comprises 
intact whole blood cells. 

15 

21 . The method according to claim 14, wherein the cell lysate retentate comprises 
condensed material firom the nucleus and blood cell debris. 

22. The method according to claim 14, wherein step (b) comprises lysing the 

20 cellular retentate to form a cell lysate containing the nucleic acid by the addition of a 
low salt buffer capable of lysing the cells. 

23. The method according to claim 22, wherein step (b) comprises: 

25 (a) nq>turing the intact vs^ole cells retained by the filter to leave condensed 

material firom tiie nucleus retained by the filtea^ and 

(b) lysing the condensed material from the nucleus to f(»m the cell lysate 
containing the nucleic acid. 

30 

24. The me&od according to claim 23, wherein the intact whole cells are ruptured 
to fomx condeosed material from the nucleus by addition of detergent 
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25. The method according to claim 14, wherein tile filter composition and 
dimensions are selected so that the nucleic acid is retained by the filter in step (c) in 
the absence of ionic interaction. 

5 26. The method according to claim 14, wherem the retaining step is further 
defined as physically retarding the movement of the nucleic acid through the filter. 

27. The method according to claim 14, herein the filter composition and 
dimensions are selected so that the nucleic acid is retained by the filter in step (c) in 

10 the form of a web. 

28. The method according to claim 14, wherein the filter comprises a plurality of 
fibers and has a disordered structure. 

. 15 29. The method according to claim 28, wherein the fiber diameters are in the 
range of 1 jim to lO^m. 

30. The method according to claim 14, wherein the cells are white blood cells. 

20 31. The method according to claim 30, which method further comprises applying 
blood to the solid phase, lysing the red blood cells th^fiom, washing the solid phase 
to r^nove contaminants and obtaining the cell lysate from tiie ^v^te blood cells. 

32. The mefliod according to claim 31, wherein tiie blood is leukoreduced blood. 

25 

33. The method according to claim 32, wherein the estimated number of white 
blood cells is at least 85% of the number of vidte blood cells as measured by flow 
cytometry. 



30 



34. The method according to claim 32, wherein the estimated number of white 
blood cells is at least 90% of the number of white blood cells as measured by flow 
cytometry. 
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20 
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35. The method according to claim 32, wherein the estimated nwnber of white 
blood cells is at least 95% of the number of white blood cells as measured by flow 
cytometry. 

36. The method according to claim 32, wherein tihe estimated number of vAate 
blood cells is at least 98% of the nmnber of white blood cells as measured by flow 
cytometry* 

37. The method according to claim 32, \^erem the estimated nmnber of white 
blood cells is at least 99% of the nnmber of vMt^ blood cells as measured by flow 
cytometry. 

38. The method according to claun 14, i^erein the nucleic acid comprises DNA. 

39. The mefliod according to claim 38, wherein the DNA is genomic DNA, 
double*stranded DNA, or single-stranded DNA. 

40. The method according to claim 14, which is carried out without any 
centrifugadon steps. 

41 . The method according to claim 14, which is carried out in the absence of a 
chaotrope. 

42. The method according to claim 14, wherein the presence of nucleic acid is 
detected mixig a fluorescent signal, color indicator, photometric indicator, en^matic 
indicator, or radioactive indicator. 

43. The method according to claim 14, \7^^in the presence of nucleic acid is 
detected using an indicator specific for double-stranded DNA. 

44. Hie method according to claim 14, wherein the presence of nucleic acid is 
detected using an indicator from the group consisting of PicoGreen, a labeled nucleic 
acid probe specific for genomic DNA, ethidium bromide, or an indicator specific for 
doiible-stranded DNA. 
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45. The method for estimating the amoimt of white blood cells in a lenkoreduced 
blood sample comprising: 

5 (a) compressing a filter to between 1 0% and 80% less than its original 

volume; 

(b) applying a leukoreduced blood sample comprising cells to the filter in 
the absence of a chaotrope; 

10 

(c) retaining the cells with the filter as a cellular retentate comprising whole 
cells, condensed nuclear material, and cell debris; 

(d) removing non-ceUular contaminants from the retentate; 

15 

(e) lysing the cells in the cellular retentate from step (b) while the retentate 
is entrapped within the filter to form a cell lysate containing the nucleic acid; 

(f) retaining the nucleic acid while removing remaining cell lysate; 

20 

(g) heating the nucleic acid to an elevated temperature of 40**C to 125'*C 
while retained by the filten 

(b) eluting the nucleic acid; 

25 

(i) measuring the amount of genomic DNA eluted from ttie filter; 

0) repeatnig steps (g) and (h); and 



30 



(k) detemuning the amount of nucleic acid measured to estimate the number 
of i^diite blood cells in the sample based on an amount of approximately 7 pg of 
nucleic acid contained in each white blood cell. 



wo 02/16383 




PCT/USOl/25709 



46. The method according to claim 45, wherein the estimated number of white 
blood ceUs is at least 85% of the number of white blood cells as measured by flow 
cytometry. 



5 47. The method accordmg to claim 45, wherein tiie estimated number of white 
blood cells is at least 90% of the number of v^diite blood cells as measured by flow 
cytometry. 

48. The method according to claim 45, wherein the estimated number of viiite 
10 blood cells is at least 95% of the number of white blood cells as measured by flow 

Qrtometry. 

49. The method according to claim 45, wherein the estimated number of white 
blood cells is at least 98% of the number of white blood cells as measured by flow 

15 cytometry. 

50. The method according to claim 45, wherein the estimated number of white 
blood cells is at least 99% of the number of white blood cells as measured by flow 
cytometry. 

20 

51. A kit for quantifying the amount of genomic DNA in a blood sample 
comprising cells containing nucleic acid comprising: 

(a) a filter supported on a support, said filter comprising matrix means for 
25 physically retarding movement of (cells and) nucleic acid herethiough in flie absence 

of a chaotrope; 

(b) one or more solutions selected firom the groiq> consisting of a red cell 
lysis solution, a solution for rupturing intact vdiole cells to leave condensed nuclear 

30 material, a lysis solution for lysing nuclear material and an ehition solution; and 

(c) an indicator capable of providing quantitative measurement of double- 
stranded or genomic DNA in a concentration as low as lOOOng/ml. 



wo 02/16383 




PCT/USOl/25709 



52. Tb& kit according to claim 5 1 , wherein the indicator is enable of providing 
quantitative measurement of double-stranded or genomic DNA in a concentration as 
low as 200pg/ml. 

5 S3. The kit according to claim 51, wherein the blood sample is a leiikoreduced 
blood sample* 



54. A method for estimating the amoxmt of vsdute blood cells in a blood sample, 
comprising: 

10 

(a) applying a blood sample to a substrate consisting of a coating enabling 
cellular lysis and release of nucleic acids; 

(b) immobilizing the released nucleic acid to a matrix, the substrate 
15 physically capturing the nucleic acid; 

(c) bonding the nucleic acid to the substrate; 

(d) generating a signal when the nucleic acid bonds to the substrate; 

20 

(e) anal3rzing the amount of nucleic acid captured by quantifying the 
generated signal; 

(f) iising the amount of nucleic acid measured to estimate the number of 
25 white blood cells in the blood sample. 

55. The method according to claim 54, wherein the generating step is finrther 
defined as graerating a fluorescent signal, color indicator, photometric indicator, 
enzymatic indicator, or radioactive indicator. 

30 

56. The method according to claim 54, v^^ein the blood sample is a 
leukoreduced blood sample. 
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57. The method according to claim 56, wherein the estimated mimber of white 
blood cells is at least 85% of the number of white blood cells as measured by flow 
cytometry. 

5 58. The method according to claim 56, "v^erein the estimated numb^ of white 
blood cells is at least 90% of die number of white blood cells as measured by flow 
cytometry. 

59. The method according to claim 56, wherein the estimated numb^ of white 
10 blood cells is at least 95% of the number of white blood cells as measured by flow 

cytometry. 

60. The method according to claim 56, whereici the estimated number of white 
blood cells is at least 98% of the number of wiiite blood cells as measured by flow 

15 cytometry. 

61 . The method according to claim 56, whereia the estimated number of white 
blood cells is at least 99% of the number of white blood cells as measured by flow 
cytometry. 



20 





FIGURE 2 




FIGURE 4 
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FIGURE 5 
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FIGURE 8 




FIGURE 11 
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FIGURE 13 



FIGURE 14 
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FIGURE 17 
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FIGURE 18(b) 
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FIGURE 21 
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Figure 27. Comparison of WBPS DNA extraction method 
and Flowcytometry for leukocyte enumeration in LR 
frozen CPDA whole blood samples 
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Figure 28. WBC counting in fresh RBC samples with 
WBPS 9nd Flowcytometry. 
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Figure 29. WBC counting in frozen RBC samples with 
WBPS and Flowcytometry. 
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Figure 30. Compressed vs. non-compressed media of 
the WBPS columns for WBC capturing from 
leukoreduced RBC samples. 
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FIGURE 31 
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